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rrosg Refe-rence to R elated Applications 
This application is a continuation-in-part of 
Application Serial Nurtber 08/204,055, filed Bflarch 2, 
1994, which is a continuation-in-part of Application 
Serill Number 08/052,835, filed April 27, 1993. 

Pleld of fehe Invention 
The present invention relates generally to ot-amino 
acids and a-aminoboronic acids and corresponding peptide 
analogs in which the alpha substituted is substituted 
with an aromatic guanidino, amidino group, halogen, 
cyan© group, aliphatic amidino, formamidino group, or 
other neutral group. 

Raekaround of the I nvention 
Sixm^B boronic acids are inhibitors of serine 
proteases. For example, Koehler et al. Biochemistry 10: 
2477 (1971) reports that 2 -phenylethane boronic acid 
inhibits chymotrypsln at miilimolar levels . The 
synthesis of boronic acid analogs of K-acyl-a-amino 
acids has yielded more effective inhibitors. Ac- 
boroPhe-OH, j?-i-acetamido- 2 -phenylethane boronic acid, 
inhibits chymotrypsln with a Ki of 4 pM Matteson et al. 
J, Am. Chem, Soc. 103: 5241 (1981). More recently, 
Shenvi, US 4,537,773 (1985) disclosed that boronic 
analogs of a-amino acids, containing a free amino group, 
were effective inhibitors of aminopeptidases . Shenvi, 
US 4,499,082 (1985) discloses that peptides containing 
an a-aminoboronic acid with a neutral side chain were 
more effective inhibitors of serine proteases exceeding 
inhibitors disclosed earlier by as much as 3 orders of 
magnitude in potency. The chemistry of a-aminoboronic 
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acids was further eacpanded to the synthesis of peptide 
analogs containing boronic acid with positive chau-ged 
sidechains, boroLysine, boroArgdLnine , boroOrrii thine , and 
isothiouronium analogs (EPA 0 293 881, 12/7/88). This 
5 series of confounds have provided highly effective 

I nhib itors of thrombin and other trypsin -like enzymes. 
The boroArginine analogs specifically designed as 
thrombin inhibitors are highly effective in the 
inhibition of blood coagulation both in vitro and in 
10 vivo. In the present invention, this group of compounds 
is extended to aliphatic amidino and formaioidino, to 
aromatic amidino and guanidino, to cyano and halogen, 
and to other neutraJ. substituted aromatic boronic acid f 
einalogs. 

15 It should be noted that additional boronic acids 

have been disclosed. Mettemich (Ep 0471651) have 
described peptides containing boroArginine and 
boroLysine which contain at least one unnattiral amino 
acid residue. Elgendy et al. Tetrahedron Lett,, 33, 
20 4209-4212 (1992) have described peptides containing a- 
aminoboronic acids with aliphatic neutral sidechains 
which are thrombin inhibitors. Kakkar in (WO 92/07869) 
has claimed peptide thrombin inhibitors of the general 
structure, X-Aai-Aa2-NH-CH(y) -z where Aai and Aa2 are 

25 unn a t ural amino acid residues. Z is -CK, -COR, 

-B(r2)(r3), .p(0)(R)(R), and Y is - lCH2ln-Q or' -CH2-Ar-Q ^ 
where Q = H, amino, amidino, imidazole, guanidino or 
isothioureido and n=l- 5 and where R2 and R3 are the same 
or different and are selected from the group consisting 

30 of OH, or6, and hrSr?, or r2 an4 R^ taken together 

represent the residue of a diol. This specialized group 
of compounds where Z is -B(r2) (r3) f^ll within the scope 
of our present application. It should be noted that 
this is a narrow subset of ,Kakkar et al. However, 

35 rather specialized chemical transformations are required 
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to prepare 



these ccMBpotmds and Kakkar et al. does not 



Summary, 



5 A compound of formula (I) 



R2 
I 



wherein 
10 B is 

a) -BY^Y^, 

b) -c(=o)R^*; 

■ 

C) -C(=0)pR*# 

<j) .c{«0)HR"R"r 

15 e) -C(=p>R*r or 

f) -C(=0)CO0R*; 

yl and Y^ are 
a) -OH, 

20 to) 



25 



30 



c) -nr*r5, 

d) Ci-Cs alkoxy, or 

when taken together Y^ and Y^ form: 

e) a cyclib boron ester where said chain or ring 

contains from 2 to 20 carbon atoms and, 
optionally, 1-3 heteroatoms which can be K. S 

or O, 

f ) a cyclic boron amide where said chain or ring 

contains from 2 to 20 carbon atoms and, 
optionally, 1-3 heteroatoms which can be N, S 

or O, 
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g) a cyclic boron amide -ester where said 

ring contains from 2 to 20 carbon atoms and, 
optionally, 1-3 heteroatoms which can be M s 
or O; 

■ 

5 

■ k 

m 

y3 and y4 are 

a) -OH, 

b) »H, or 

c) -P; 

10 

is 

a) Cl-C12-alkyl is optionally substituted with -CN, 
-0R2, -C(NH)MHr€, -NHC(HH)MHR6, -sc{hh)nhrS, 
-IJHC(HH)MHOH, -NHC (KH) NJJC (O) r6 , -UHS(0>rR^/ 
15 -1IHC(0)HHH4, -»HC{0)r4, -HHC(O) CH{0H)R<1, .HHC{=NCH)- 

SRS, -MHC{=NCN)HHr5, -0NHR6, 'HHC(=1Jr6)h, 
-0NHC{=NCN)NHr6, -0NHC{=HH)11HR6, -0NHC(=NR6>H, 
-ONHC(=HH)HHOH, -C(MH)HHC(0)r5, -SC(MH)MHC(0)r6, 

-HHC(=NCN)IIHC(0)rS, -0NHC(0)RS. -NHC(=NC(0)r6)h,' 
20 -0NHC(=NCN)IIHC(0)r6, -0HHC(»NH)IJHC(0)r6, 

-OHHC(=NC(0}rS)H, -C(NH)NHC{0)OrS, 

-NHC(HH)NHC{0)ORS, -SC(NH)HHC<0)0r6. 

- HHC (=NCII) NHC (0) OrS , - ONIIC (0) 0R6 , -NHC (=NC (O) OR^) H, 

- OMHC (=NC2J) HHC (O) OR^ , - OMHC (=KH ) KHC (O) OR^ , 

25 -KHC{0)0R4, -MHC(HH)HHC(P)0R6, or -OKIHC(=WC{0) OrS)h- 

b) 



{ 




I 

a 



C) 



-4- 
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d) 



(CHa) 




X is 



25 



a) halogen (F, Cl, Br, I) 

b) -CS, 

C) -N02f 

d) -CF3, 

e) -HH2 

f) -»HC(NH>H, 

g) -NBC(HH>NHOH, 

i) -HHC(NH)»HRf # 
j) -NHC(NH)NHCOR^, 
k) - C (S3H) NHRS ' 

m • -t - 

1) -C(EIH)MHC0R^» 
m) "C(0)NHR2, 
a) -C02R^r 
o) -Or2, 
p) -0CF3/ 

t ♦ ► ' * J 

-sc(nh)nhrS, 

r) -HHS(0)rR^, 

s) -1JHC{0)HHR4, 

t) -NHC(0)R^, . 

U) 'lJHC(O)CH(0H)R*, 



5' 
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V) -HHC(=KCW) -SRS, 

w> -NHC(=NC3I)MHR5, 

X) -NHC(=KRS)H, 

y) -OHHR6, 

5 z) -onhc(=ncn)nhrS, 

aa) -onhc{*=nh)nhr6, 

ab) -OHHCC^HHjH, 

ac) -ONHC(=NrS)h, or 

ad) -ONHC{=NH)NHOH; 

10 Y is =0, =HOH, or =H-HHC(=0)H; 
r2 is 

a) H, 

b) optionally substituted Cl-C12-aUcyl, ^ 

c) optionally substituted cycloalkyl, 

15 d) optionally substituted aryl, where aryl is phenyl 

or napthyl, or 

e) optionally substituted -Cl-C4-alkylaryl, where 
aryl is defined above; 

20 where the grovtt)8 CI - C12 - allcyl , cycloalkyl, and -Cl- 

C4-alkylaryl optionally contain in- chain heteroatoms 
(O, N, S) and the groups CI - ci2 - alkyl , cycloalkyl, 
aryl, and -Cl-C4-alfcyiaa*yi are optionally 
substituted with one or two siibstituents selected 
25 from the group consisting of : / 

halo (F, Cl, Br, I) , ci-C4-alkyl, Ci - C4 - alkoxy , 
-N02, -CF3, -S(0)r-Cl-C4-alkyl, -OH, -MH2, 
-NH(Cl'-C4-allcyl) , -N{Cl-C4-alkyl)2, or -C02R^; 
is H, alkyl, aryl, alkylaaryl, 'S(0)r-R', -C{=0)r7, 
30 -CC-OOR', -P{0)20R'' ojr any other IJH2 bloclcing group 

comprised of 1-20 carbon atoms; 
R^ and R^ are independently s 

a) hydrogen, 

b) C1-C4 alkyl, 

35 c) -(C1-C4 alkyl) -aryl, or 
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20 



d) Cs'C? cyclpalkyl; 

r5 is 

a) H, 

b) cl-C4-alkyl, 

c) aryl, wherein aaryl is phenyl or aapthyl 
optionally substituted with one or two substituents 
selected from the group consisting of: 

halo (F, CI, Br, I), Cl-C4-alkyl, Cl - C7 - alJcoxy , 
-N02, -CF3, -S(0)r-Cl-C4-allcyl, -OH, -KH2, 
-NH(Cl-C4-allcyl), -N(Cl-C4'aXl?yl)2/ -C02R*: 



d) 

r7 is 



or 

.Cl-C4~allcylaryl, where aryl is as defined above,- 



a) H, 

15 b) Cl-C4-alkyl, 

c) aryl, wherein aryl is phenyl or napthyl 
optionally substituted with one or two substituents 
selected from the group consisting of: 

halo, Cl-C4-alkyl, C1-C7 -alkoxy, -HO2, -CF3, 
-S(0)r-Cl-C4-allcyl, -OH, -NH2, ♦NH(Ci-C4- 
alkyl), -N{Cl'C4-alkyl>2r and -CO2R*: or 

d) .ci'C4"alkylaryl, where aryl is as defined above; 

r13 is J 

a) hydrogen 

25 b) halogen, 

c) C1-C4 alkyl, 

d) CJ.-C4 alkoxy, 

e) methylenedioxy, 

f) -N02/ 

h) -SH, 

i) -S (O) r- (Ci-C4 alkyl) , 

j) -CN, 

k) -OH, 

35 1) -NH2, 

m) -NH(Ci-C4 alkyl) , 
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25 



n) 'U(Ci-Ci alkyl)2, 

o) -»HC(=0)R*, or 
P) -(C3l2)p-C02R*; 

5 Ri* is: 

a) -CP3, 

b) -CHP2# 

c) -CH2P, 

d) -CH2CI, 

10 e) -C(=0)OR«, 

f) -C(=0)KR"RiS, 

g) -C(=0)R«, 

h) -C(=0)C00R4, 

i) -C(=0)C(=0)Nr"rJ-6, 
15 j) -C(=0)C<=0)R* , 

k) -Cnf3Y4cCX>R*, 
1) -Cy3Y4c(=0)lJRi5Rl6^ 



a) - 

20 0} 




P) 



, or 



q) he t erocycle ; 



ana rIS are independently j 

a) iQTdrogen, 

b) C1-C4 alkyl, 

c) - (C1-C4 alkyl) -aryl, 

d) Cs-C? cycloalkyi, or 

e) phenyl, optionally substituted by r13; 
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20 



25 



r15 and can be taken together to form a ring: 
a) 





w is 

a) -O', 

b) -S(0)r-» 

c) "(CH2)n-r 

d) -NR*-, 

e) a bondr 

f) -HC{=0)R*-; 

A is an amino acid residue or a peptide coinprised of 2- 
20 amino acid residues? 

jj is 0 or l; 
p is 0 to 3; 
15 q is 0 to 4? 

r is 0 to 2; ^ .^^ 

d harmaceutically acceptable salts thereof, wxth the 
^ovLo that when is aliphatic, the R^ substituent on 
'NHC(KH)NHR^ cannot be H. 



preferred are those compounds of the formula (I) 



where : 
r1 is 



a) Cl-C12-alkyl is optionally, substituted with -OR , 

-^0)rH^ .NHC(0)MHR^ -mC(0)R^ -»HC(0> CH(OH)R^ 
-KHC(=NCN)-SR^ -NHC(=NCW)NHr6, -ONSR6, -miC(=NR6)H, 
-OHHC(=NCN)NHR^ - ONHC {=NH) MHR^ , -ONHC(=»H)H, 
-ONHC(«NRe)H, or -ONHC(=NH)NHOH; 



30 b) 
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I -j-(CH2)pX 



c) 




d) 




X is 



a) balogen (P, ci, Br, i) 

b) -ast, 

c) -M02, 

d) -CPs, 

e) >NH2 

f) -tlHC<MH)H, 

g) -BiHC (NH) NHOH, 

h) -HHC(IJH)NHCW, 

i) -MHC(ljH)NHRS, 
j) -C(iiH)HHR5# 
k) -C(6)KHR2, 

1) -C02R2, 

n) - 0CF3 , 

O) -sc(mh)nhrS, 
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XO 



15 



P 

q 

r 



t 
u 

V 

w 

X 

y 

z 



-WHS (O) rR* r 
-NHC(0)NHR*, 

-HHC(0)R*i' 
-NHC{0)CH{OH)R^, 

-HHC (=NCH) NHR^ , 

- ONHC («NCW) NHR^ , 
-OHHC(=NH) NHR^f 
-ONHC(=NH)H, 
-0NHC(=»1IR6)H, or 
) - ONHC {=»H) MHOH; 



20 



r14 is; 

a) - CF3 , 

b) -CHF2» 
C> -CH2F» 
d) 



-C(=0)t)R*, 

f) -C(=0)R*, 
9) 




25 



30 



h> 



N 




O 



i) heterocycley 



or 



and all other substituents are as defined 



More preferred are those compounds of the formula 



(I) where 
y3 and Y* 
r1 is 



are -OH; 
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a) Cl-C12-alkyl is optionally substituted with -or2, 

-C<NH)MHr€, -MHC(HH)H, -NHC(NH)HHr6, -NHS(0)rR*, 
-IJHC{0)NHR4, .ijhC{0)r4, -NHC{0) CH<OH)r4, -HHC(=WCN)- 

SrS, -KHC(=NCN)NHRS, -0NHR6, or -0NHC(=HH)KHr6; 

b) 

1 4(CH2)pX 



c) 



■V 



(CH2) 




J 



















10 




Y 


• 




X is 








a) 


halogen (Br) 




b) 


-CM, 






c) 


-HH2 




15 


d) 

* 


-NHC(KH)H, 




e) 


-I1HC(NH)NHr6, 




f) 


-C(MH)NHR6f 




g) 


-C(0)11HR2, 




b) 


-C02R2, 


20 


i) 


-Or2, 


or 






-HHC(=Nr6)H; 




R-^4 is I 







( 



-12- 
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a) 


-CF3, 


b) 


-CHF2/ 


c) 


-CH2F, 


d) 


-C(=0)OR*, 


e) 




f) 






g) 



10 h) heterocycle; 

and all other substituents are as defined above. 

Most preferred are those compounds of the foriuxila 

15 (!) where: 

E is -BYiy2; 

yl and are 
a) -OH, 

when taken together and Y^ form: 
20 b) a cyclic boron ester where said chain or ring 

contains from 2 to 2p carbon atoms and, 
optionally, 1-3 heteroatoms which can be N, S 
or O; 
Y^ and y^ are -OH; 
25 is 

a) Cl-C12-al]cyl is optionally substituted with 

-C(KH)NHr6, .NHC(NH)H, -NHC(NH)NHr6, -0NHR6, or 

-ONHC(=HH)NHrS; 

b) 



-13- 
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C 



d) 




X is 

a) -CN, 

c) -KH2 

d) -NHC{NH)B, 

f) -C(NH)BHr6' 

g) -c(o)isihr2, 

h) -C02R2, ; 

i) -Or2, or 

15 j) -NHC(=Nr6)H; 

y is «0f 

and all other substituent s are as defined above. 

Specifically preferred compounds of this invention 
20 are the following: 



-14 



AC- (D> Pbe-Pro-MH-CH t (CH2) 4CHI BOj-CxoHie 

AC- (D) Phe-Pro-UHCH I (CH2) «C (HH) NH2I BO2-C10H16 

AC- (D)Plie-Pro-NHCH[ (C3!2) {NH)H] B(OH) 2 

BOC- (D) Phe- Pro-NHCH [ (CH2 ) 3 -NHC (NH) H] B (OH) 2 • 

AC- (D>Plie-Pro-boroPbelJn-C(NH)NH2] -C10H16 

AC- (D)Pbe-Pro-boroPlie(JD-CH2MH2) -CioHie 

AC- (D)Phe-Pro-boroPbe{in-Br) -C10H16 

AC- (D) Pbe'Pro-boroPlie(p-Cll) -CioHi6 

BOC- (D)Phe-Pro-boroPbe(inrCN) -CioHis 

AC- (D) Pbe-Pro-boroArg(Caff) -CioHas 

H,N- (CH3)2- (D)Pbe-Pro-boroPhe(m-CN) -OHoHCl 

AC- (D)Pbe-Pro-boroPhe(ni-CN) -OHoHCl 

MS- (D) PberPro^boroPbe(ift-C2J) -OHoHCl 

BOC- (D)Thiazolylalaniiie-Pro-boroPhe(m-CN) -C10H16 

BOC- (D>3-Pyri(aylalaiiine-Pro-boroPbe(m-CM) -CioHie 

MS- {D)3-Pyriaylalanine-Pro-boroPhe(m-ai) -CioHis 

BOC- (D) 2-PYridylalanine-Pro-boroPhe(m-C3!l) -CioHie 

BOC- (D)2-Thienylalanine-Pro-boroPhe(m-caJ) -CioHiS 

MS- (D)2-Tbienylalanine-Pro-boroPhe(m-C3« -C10H16 

BOC- (D) Phe-Aze-boroPbe (m-CN) C10H16 
Hydrocinnamoyl-Pro-boroIrg{CH3> -OH-HBr 
AC- (D)Pbe-ProrbproArg{CH3) -0H«HC1 

PbC2l2S02- (D)Pbe-Pro-boroOm(CH=HH) -OHoHCl 

CH3CH2CH2SO2- (D)Phe- Prb-boroOm(CH=MH) -OHoHCl 

CH3C2C2C3l2SOi2- (D) Phe-Pro-boroArg (CH3) -OHoHCl 

AC- (b) phe-Sar'boroOm<Cit=NH) -OHoHCl 

BOC- {D)Pbe-Sar-boroPhe (mCN) -C10H16 

Boc- (D)Plie-Aze-boroOm(CH=NH) -OHoHCl 

4- (Phenyl) benzoyl -boroom(CH=NH) -CxoHigoHCl 

AC- (D)Pbe-Pro-boroOrn(CH=jra)3 -CioHi6''HCl 

Boc-Pro-boroOm(CH«NH) -CioHi6°HCl 

BOC- (D)Pbe-Pro-boroOm(CH=NH)l -CioHi6°0.5 HCloO.5 

bsa 

H.(D)Phe-Pro-boroOm(CH=NH)]-CioHl6o0.5 HCloO.5 BSA 
H-(D)Phe-PrO-boroOm(CH=HH)]-OHo0.65 HCloO.35 BSA 

H-boroPbe (mCN) - C10H16 °HC1 



-15- 
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Ac- (D) Phe-Pro-boroPhe- (m-CN) -CioHig 
H- (D) Phe- Pro-boroPhe- (m- CN) -CiqHis •HCl 

• H- (D) Pbe-Pro-boroPhe- (m- CN) -0H»HC1 

• »'W-(CH3)2-(D)Phe-Pro-boroPbe.(in-CN).OH.HCl (isomer 
5 1) 

AC- (D)Phe-Pro-boroPhe- (p-CHaHHa) -CioHig. bsa 

AC" (D)Phe-Pro-boroPbe. (p-C(NH)NH2) -CioHig. BSA 
M-CH3- (D)Phe-Pro-boroPhe- (m-CN) -CioHig-HCl 

• H-Pro-boroPhe- (m-CN) -CioHi6»HCl 
H- (D) Thiazolylalanine"-Pro-boroPhe- (m-CN) -CioHas-HCl 

H- CD) 3-Pyrifiylalaniiie-Pro-boroPhe- (m-CN) -CioHis 
•HCl 

«v 

MS- (D)Thiazolylalanine-Pro-boroPhG- (m-CN) -CioHig ^ 
N-Boc-N-Ca3- (D)Plie-Pro-boroPhe- (m-CN) -CioHig 
15 o Ac-Pro-boroPhe- (m-CN) -CloHis 

H- (D)2-Pyridylalaaine-Pro-boroPhe- (m-CN) -CioHis 

•HCl 

H- (D) 2-Thienylalaniae-Pro-boroPhe- (m-CN) -CioHie-HCl 
MS- (D) 2-Pyridylalanine-Pro-boroPhe- (m-CN) -CioHig 
(2-Pyrimidylthio) acetyl -Pro-boroPhe- (m-CW) -CioHis 

trans-3- (3-pyridyl)acryl-Pro-boroPhe- (m-CN) -CioHis 
{4.pyridylthio)acetyl-Pro-boroPhe- (m-CN) -CioHig 
Succinyl- (D) Phe-Pro-boroPhe- (m-CN) -oh 
3-Pyridylpropionyl-pfo-boroPhe- (m-CN) -CioHig 
Boc-(t»Phe-Aze-boroPhe-(m-CN)-Cioai6 / 

H- (D) Pbe-Aze-boroPhe- (m-CN) -CioHx6»HCl 
Hydrocinnamoyl -Pro-boroOm (ch=hh) ] OH^BSA 

Hydrocinaamoyl-Pro-borolrg(CH2CH=CH2) -OH- HBr 
Hydrociimainoyl-Probo^oGly [ {CH2) 4^NH-Acetylj CioHis 
Cbz- (D)Phe-PrQ-boroifs(C3la) -CioHig . HBr 
Ac-(D)Phe-Pro-borolrg(CH3)rpH o HBr 

Hydrociimamoyl-Pro-boroirg(CH2CH3)-OH « HBr 
Ac- (D)Phe-Pro-boroArg(CH3) -OH • HCl 

Hydrociimamoyl-Pro-boroArg(CH3) -OH • HCl 
Ms- (D) Phe-Pro-boroArg (CH3) -OH* HCl 

Ms- (D)Phe-Pro-boroOm(CH=NH) -OH • HCl 
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HCl 



PhS02-(l»Plie"Pro-boroArg(CH3)-0H " HCl 
PbS02-(D)Plie-Pro-boroOrii<CH=NH)-OH -» HCl 
Ms-(D)Phe(4-fluoro)-Pro'boroOrii(CH-NH)-OH » HCl 
PliCH2S02-(D)Pli^-Pro-boroArg(CH3)-OH • HCl 
PbCH2S02-(D)Phe-Pro-boroOm(CH=lJH)-OH - HCl 

CH3CH2CH2SO2 - (D) Phe-Pro-boroOm{CH=NH) ~0H • 
CH3CH2CH2S02-(D)Pbe-Pro-boroArg(CH3)-0H <> HCl 
CH3(CH2)3S02-(I»Phe-P'^o-boroArg(CH3)-OH » HCl 
GH3(CH2)3S02-(D)Pbe-Pro-boroOm(CH=KH)-OH = HCl 

Z" (D)Pbe-Pro-boroOm{CH=HH) -0H<»HC1 

BOC- (D)Pbe-Pro-boroGly[(CH2>3-OHH2] -OH-HCl 
PhCH2S02- {D)Phe-Pro-boroGly[(CH2)3-0HH2] -CioHie'HCl 
BOC- (D) Phe-Pro-boroGly I (CH2) 3-ONHC (=NH)NH23 ' 

CioHie-HCl , « « 

BOC- (D)Phe-Pro-boroOm- lC(HCH)HHCH3l -C10H16 
H00CCH2- (D)Pbe-Pro-boroOratC(NCN)NHCH3] -CxoHlS'HCl 
BOC- (D) Phe-Pro-boroOm tC(NCN) SCH3I -C10H16 
BOC- (D) phe-Pro-boroOni(CONH2) 'C10H16 
H- (D)Pbe-Pro-boroOrn{C01?H2) 'CioHi6-HCl 
PhCH2S02- {D)Pbe-Pro-boroOm(COHH2) -C10HI6 
H00CCH2- {D)PheTPro-boroOm(CONH2) -CioHlg-HCl 

BOC- {D)Phe-Pro-boroOrn(COCH20H) -C10H16 

BOC- (D) phe-Pro-boroOm(N-Methanesulf onyl) -CioHie 

(D)Plie-Pro-boroom(K-Metbanesulfonyl) -CioHie'HCl 
4. (N-Acetyl) Anilinesulf onyl- (D) Phe^Pro-bor60ra(N> 
Methaiies\jlf onyl) -CioHis 
MetbanesulfonyX- (b)Phe-Pro-boroOm(N- 

Methanesulforiyl) -CioHis 
K,N'diiaethyl- (D)Pbe-Pro-boroOm- (N- 

Methanesulfonyl)-CioHi6-H>Cl 

Ac-Gly- (D)Phe-Pto-boroOm(N-Methaaesulfonyl) -C10H16 
H00CCH2- (D) Phe-Pro-boroOnKH-Metbanesulf onyl) - 
CioHlS'BCl 

PhCH2S02- {D)Pbe-Pro-boroOm(N-Methanesulfonyl) - 
BOC- (D) phe-Pro-boroGly t (CH2) 3-OCH2CH3] -CioHis 
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BOC- (D)Phe-Pro-boroSlyf (CH2)3-CN] -CioHag 
Boc- (D) Phe-Pro-boroOrn{COCH3) -CioHig 

• AC- (D)Phe.Pro.NH-CH£CH2 {4-ainino-cyclohexyl) JBO2- 
CloHis 

- BOC - (D) Phe - Pro - NH- p (CH2 ( 4 - amino - cyclohexyl ) j bo, - 
C10H16 

BOC- (D)Plie-Pro.MH-CHU-amino-cyclohexyl]B02-CioHi6 

" BOC- (I»PIie.pro-MH-CHtCH2(4-hydoxy-cyclohexyl) JBO2- 
C10H16 

Boc - (D) Pha-Pro-HH-CH[CH2 (4-guaiiidino- 
cyclohexyl) ] BO2 - Ci qHi g 

Boc- (D) Phe-Pro- (J2) Phe (mas) -OMe 

Boc- (D) Phe- Pro- (5) Ph© {jaan) -OMe ( 
• Boc • Pro - (S) Phe (jbCM) - OMe 
15 • Boc - Pro - Phe imCN) - OH 

Boc - Pro - Phe (iiOI) - w (Me) - otse 

Boc - Pro - Phe ImCN) - C (OEt ) «=CH2 

H- (D) Phe - Pro-boroPhe (jnCOOMe) - Ci oHi g -HCl 



10 



20 



Further iUustrativi of the compounds of this 
invention ares 



• Hr <D) Phe- Pro - Phe (iBCN) - c (o) H 

H- (D) Phe-Pro-Phe (jnCH) -C (0) OEt 
25 • H- (D) PherPro-Phe (jbCN) -C {O) OH 

H - (D) Phe - Prp r Phe (mcs) - C (o) NHa 
H- (D) Phe- Pro-Phe (ibCN) -c (o) UHCHa 
H- (D) Phe-Pro-Phe (aOf) -C (0) C (O) OEt 
H- (D)Phe-Pro-Phe(flOr) -c(0) - (oxa2olin'2-yl) 
H- (D) Phe-Pro-Phe (iiOl) rC (O).- (ben2oxazolin-2-yl) 

if- (D) Phe-Pro-Phe (iBCH) - c (0) CH2P 
^ - (D) Phe - Pro - Phe ( jnCN) - c { 0) CH2Br 

• H- (D) Phe - Pro - Phe (inCN) - C ( 0) CH2CI 
H- (D) Phe-Pro-Phe (mcnj) -c (o) CF3 
35 • H- (D) Phe-Pro-Phe (jncw) -C(0)CHF2 

Ac- (D) Phe-Pro-Phe (xnCN) -C{0)h 
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AC- (D) Phe-Pro-,Plie (iiOl) - C{0)OEt 

AC- {D)pJie-Pro-Plxe(aiCN) -C(0)OH 

Ac- (D)Plie-Pro-Plie(JiOJ) -c(0)nH2 

AC - (D) Pbe- Pro- Phe (mCN) - C ( O) NHCH3 

Ac- (D) phe-Pro-Phe(iBCN) -C{0)C(0)OEt 

AC- (D) Phe-Pro:?lie(fflCN) -C(0) - {o3cazolin-2-yl) 

AC- (D)Plie-Pro-PIieCJiiCN) -C(0) - (beazoxazolin-2-yl) 

Ac- (D)Phe-Pro-Plie(iDCM) -C(0)C3l2F 

AC- (D) Phe-Pro-Ptoe(inCN) -CCOOisBr 

AC- (D)Phe-Pro-Plxe{inCN) -C(0)CH2C1 

AC- (D) Phe-Pro-Phe (JuCN) -C(0) CF3 

AC- (D)P]ae-Pro-Plie(flCN) -C(0)CHF2 

AC- (D) Plie-Pro-HH-CHtCH2 (4-ainino-cyclohexyl) ) -C(0)H 
AC- (D) Phe-Pro-HH-CHlCH2 {4-aiidno-cycloliexyl) 1 - 

C (O) OEt 

AC- (D)Plie-Prp7HH-CHlCH2 (4-aBiino-cyclohexyl) 3 -C(0)OH 
AC- {D)Phe-Pro-NH-CHtCH2 (4-amino-cyclohe3cyl) 1 - 
C (0) NH2 

AC- (D)Phe-Pro:MH-CH[C3l2 ( 4 - amino - cyc lohexyl > 3 - 

C (O) SlHCHa 

AC- (D)Phe-Pro^KH-CHtCH2 (4-ainiiio-cyclohexyl) 1 - 

C(0)C(O)OEt 

AC- m>Phe-Pro-NH-CH[CH2 {4-amino-cycloliexyl) ] -C(0) - 
(oxazolin-2-yl) 

AC- (D) Phe-Pro-NH-CHtcaa2 (4-ainino-cycloliexyl) 3 ^C(O) - 
(benzoxazolia- 2 -yl) 

AC- (D) Plie-Pro-NH-CH[CH2 (4-aioino-cycloliexyi) 1 - 
C (O) CH2F 

AC- (D) phe-Pro-NH-CH[CK2 (4 - amino - cyc lohexyl > 3 - 
C (O) CH2Br 

AC- (D) phe-Pro-NH-CH [CH2 (4-ainijio-cyclohexyl) 1 - 
C(0)CH2C1 

AC- (D)phe-Pro-NH-CHtC2i2(4-aittino-cyclohe3cyl) 1 - 
C (0) CF3 

AC- (D)Phe-Pro-NH-CH[CH2 (4-ainino-cycloliexyl) 3 - 
C (O) CHF2 
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Boc- (D)Phe-Pro-MH-C3£[(CH2)3-OjHH2] -C(0)H 
BOC- (D)Phe-Pro-lJH-CH[(CH2)3-OlJH23 -C(0)OEt 
Boc- (D)Phe-Pro-HH-CHt{CH2)3-OHH23 -C(0)OH 
Boc- (D)Phe-PrO-MH-CH[(CH2)3-0MH2] -C(0)HH2 
5 • BOC- (D)Phe-PrO'MH-CM[{CH2)3-OHH2l -C(0)2aHC2i3 

Boc- (D)Phe-Pro-NH-ar[(CH2)3-OMH2J -C(0)C(0)OEt 
Boc- (D)Phe-Pro-NH-CH£CCH2)3-OMH2] -C(0) - {oxa2olin-2- 

yl) 

Boc- (D)Phe -Pro-HH-CH[(CH2)3-OHH23 -C{0) - 

10 (benzoxa20liii-2-yl) 

BOC- (D)Phe-Pro-HH-CHt(CH2)3-OKH23 -C(0)Cai2P 
Boc- (D) Phe-Pro-NH-CHt {CH2) 3 -021H23 -C(0) CHaBr 
BOC- (D)Phe-Pro-MH-CHt (CH2) 3-ONH2] -CCOCHsCl ( 
BOC- {D)Phe-Pro-KH-CH[{CH2)3-OHH23 -C(0)CF3 
15 • Boc- (D)Plie-Pro-NH-CH[(CH2)3-ONH2] 'C(0)CHP2 

Boc- (D)Phe-Pro-MH-CHt(CH2)3-OIJHC(=HH)lJH2] -C(0)H 
BOC- (D)Phe-Pro-HH-C3I[(CH2) 3-01JHC(«HH)NH23 -C(0)OEt 
Boc- (D)Phe-Pro-NH-CH[ (CH2)3-01JHC(«NH)MH2] -C(0)OH 
BOC- (D)Phe-Pro-IIH-CH[(CH2)3-OHHC(=IIH)NH2] -C(0)NH2 
Boc- (D>Phe-Pro-HH-CHt(CH2)3-0»HC(=KH)KH2] -C(0)KHCH3 
Boc- (D)Phe-Pro-NH-C3li:(CH2)3-ONHC(»MH)NH2] - 
C(0)C(0)OEt 

Boc- (D)Phe-Pro-HH-CH[(CH2)3-0NHC(=NH)NH2] -C(0) - 
{ oxazol in - 2 - yl ) 

25 • Boc-(D)Plie-Pro-lJH-CH[{CH2)3-ONHC(«lJH)NH2]-C(0)- ( 

(benzoxazolin- 2 -yl) 

Boc- (D) Plie-Pro-NH-CH[{CH2) 3-OMHC(=HH)IJH2] -C(0)CH2F 
Boc-(D)Plie-Pro-lJH-CHl{CH2)3-0NHC(-NH)lJH2J -C(0)CH2Br 
Boc- (D)Phe-Pro-NH-CHC(CH2) 3 " ONHC (=KH) IIH2 ] -C(0)Ca2Cl 
Boc- (D) Phe- Pro-HH-Ca t (CH2)3 -ONHC (=NH) NH23 'C (0) CF3 
Boc- (D) Phe- Pro-NH-CH t (CH2) 3 -OKHC (=NH) MH2] 'C (O) C 
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This invention also provides con^positions 
comprising one or more of the foregoing coinpounas and 
35 methods of using such compositions in the treatment of 
aberrant proteolysis such as thcoinbosis in mammals or as 
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reagents used as anticoagulants In the processing of 
blood to plasna for diagnostic and other co»mexcxal 
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r^^^.-ti^d Des ^^-tpi-ioti of rne inventiOP 
AS used througbout the specifications, the 
following abbreviations for amino acid residues or ax.dno 

acids apply s 

^ alanine 



Asp = 



Cys 

15 Gin 
Glu 

Gly 



HomoLys « 
20 lie = 



Leu 
Lys 
Met 
25 Orn 



Phe - 
Pro = 



Thr = 

30 Trp = 

Tyr = 

val = 








L- 

-2- 

L- cysteine 

L-glutamine 

L- glutamic acid 

glycine 

L-histidine 

L-homolysine 



isothioxnronium analog of L-Arg 

L- leucine 
L" lysine 
L-methionine 
Lk- ornithine 
L - phenylalanine 
L"- pro line 

Im- serine 
L- threonine 
Ij- tryptoplian 
I* -tyrosine 

valine 
1,-sarcosine 

Z (4 - f luoro) = Pa^a- f luorophenylalanine 
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The «D« prefix for the foregoing aldDr aviations 
indicates the amino acid is. in the D- configuration 
"D,L" indicates the amino ig present in mixture of "the 
D- and the L- configuration. The prefix -boro- indicates 
5 amino acid residues where the carboxyl is replaced by a 
boronic acid or a boronic acid ester. For example, if 
Rl is isopropyl and yi and y2 are OH, the C-terminal 
residue is abbreviated "boroVal-OH« where "-0H« 
indicates the boronic acid is in the form of the free 
10 acid. The pinanediol boronic acid ester and the pinacol 
boronic acid ester are abbreviated "-CioHig" and 
"-C6H12", respectively. Examples of other useful diols 
for esterification with the boronic acids axe ^ 
1,2- e thanediol ,1,3- propanediol ,1,2- propanediol , 
LS 2,3-butanediol, 1, 2- di isopropyl e thanediol, 

5,6-decanediol, and 1,2-dicyclohexylethanediol. a?he 
formamidino modified amino, group is abbreviated (ch=nh) 
For exaii5>le, the formamidino analog of -boroOm-OH {-hh- 

CH[(CH2)3-NH-CH(1IH)H1B(0H)2 }is -boroOm(CH=KH) -OH, 

Analogs containing sidechain substituents are described 

in parenthesis following 
the name of the parent resfidue. For example the analog 
of boroPhenylalanine contadiiihg a ineta cyano group is 
-boroPhe (mCN) - . N-alkyl substituents on the guanidino 
group of boroArg- or on the isothiouronium analogs f 
(boroirg) are also put in parenthesis in a similar 
manner, other abbreviations are: z, benzyloxycarbonyl • 
BSA, benzene sulfonic acid; thf, tetrahydrof uran • boc- 
t-butoxycaibonyl-; Ac-, acetyl; pNA, p-nitro- aniline- ' 
30 DMAP, 4-N,N-dimethylaminopyridine; Tris, 

Tris(hydroxymethyl)aminomethane; MS, mass spectrometry- 
FAB/MS, fast atom bombardment -mass spectrometry 
U?MS(NH3-CI) and HRMS(MH3-cr) are low and high * 
resolution mass spectrometry, respectively, using 1^3 as 
35 an ion source. 
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The following abbreviations may also be used herein 
and are defined as follows. The abbreviation "DIBAI" 
means diisobutylalmainum hydride. The abbreviation 
-Rani" means Baney nickel. The abbreviation "LAH" means 
lithium aluminum hydride. The abbreviation -1,1 • -GDI- 
means i,i'-carbonyldiimidazole. The abbreviation "Bn" 
means benzyl. The abbreviation "BOC" means t-butyl 
carbamate. The abbreviation "CBZ" means benzyl 




The compounds herein described may have asymmetric 
centers. All chiral, diastereomeric , and racemic forms 
are included in the present invention. Many geometric 
isomers of olefins,-' C«N double bonds, and the like can 
also be present in the compounds described herein, and 
all such stable isomers are contemplated in the present 
invention. It will be appreciated that certain 
compounds of the present invention contain an 
asymmetrically substituted carbon atom, and may be 
isolated in optically active or racemic forms. It is 
well known in the art how to prepare optically active 
forms, such as by resolution of racemic forms or by 
synthesis, from optically active starting materials. 
Also, it is realized that cis and trans geometric 
isomers of the compounds of the present invention are 
described and may be isolated as a mixture of isomers or 
as separated isomeric forms. All chiral, 
diastereomeric, racemic forms and all geometric isomeric 
forms of a structure are intended, unless the specific 
stereochemistry or isomer form is specifically 
indicated. 

The reactions of the synthetic methods claimed 
herein are carried out in suitable solvents which may be 
readily selected by one of skill in the art of organic 
synthesis, said suitable solvents generally being any 
solvent which is substantially nonreactive with the 
starting materials (reactants) , the intermediates, or 
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products at the temperatures at which the reactions are 
carried out. A given reaction may be carried out in one 
solvent or a mixture of more than one solvent* 
Depending on the particular reaction step, suitable 
5 solvents for a particular reaction step may be selected. 

When any variable (for example, R^, R^^, r13^ r14^ 

m, etc.) occurs more tl^an one time in atny constituent or 
formula for a compoxmd, its definition on each 
occurrence is independent of its definition at every 

10 other occurrence. Thus, for example, if a group is 
shown to be substituted with 0-3 R^^, then said group 
may optionally be substituted with up to three R^^ and 
R-^^ at each occurrence is selected independently from ( 
the defined list of possible R^^. Also, combinations of 

15 substituents and/or variables are permissible only if 

such combinations result in stable compoxmds. By stable 
compoxmd or stable structure it is meant herein a 
conqpound that is sufficiently robust to survive 
isolation to a useful degree of pijurity from a reaction 

20 mixture. Similarly, by way of exaiz^le, for the group 
-C(R^^)2-# each of the two R^^ substituents on C is 

independently selected from the defined list of possible 
R"- 

When a bond to a si^stituent is shown to cross the 

25 bond connecting two atoms in a ring, then such ■ 

( 

substituent may be bonded to any atom on the ring. When 
a substituent is listed ..wi^thout indicating the atom via 
which such substituent is lionded to the rest of the 
compound of a given formula, then such substituent n^y 

30 be bonded via any atom in such substituent. For 
example, when the substituent is piperazinyl, 
piperidinyl, or tetrazolyl, unless specified otherwise, 
said piperazinyl, piperidinyl, tetrazolyl group may be 
bonded to the rest of the compound of a given formula 

35 via any atom in such piperazinyl, piperidinyl, 
tetrazolyl group. 
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Combinatioas of substituents and/or variables are 
permissible only if such conibinations result in stable 
compounds. By stable compound or stable structure it is 
oeant herein a compound that is sufficiently robust to 
5 survive isolation to a useful degree of purity from a 
reaction mixture, and formulation into an efficacious 

therapeutic agent. 

«NH2-blocian^ group" as used herein, refers to 

various acyi, thioacyl, alJcyl, sulfonyl, phosphoryl, and 
10 phosphinyl groups comprised of 1 to 20 carbon atoms, 
substitutes on these groups maybe either alkyl, aryl, 
alkylaryl which may contain the heteroatoms, 0, S, and N 
as a substituent or in- chain coii5)onent. A number of 
MH2 'blocking groups are recognized by those skilled in 
15 the art of organic synthesis. By definition, an HH2- 
blocking group may be removable or may remain 
permanently bound to the KH2. Examples of suitable 
groups include formyl, acetyl, benzoyl, trif luoroacetyl, 
and methoxysuccinyl,- aromatic urethane protecting 
20 groups, such as, benzyloxycarbonyl ? and aliphatic 

urethane- protecting groups, such as t-butoxycarbonyl or 
adamantyloxycarbonyl. Gross and Meinhoffer, eds.. The 
peptides, vol 3; ^-88 (1981), Academic Press, New York, 
and Greene and Wuts Protective Groups in Organic 
25 synthesis, 315-405 (1991), J- Wiley and Sons, Inc., New 
York disclose numerous suitable amine protecting groups 
and they are incorporated herein by reference for that 
purpose. Amine protecting groups may include, but are 
not limited to the following: 2,7-di-t-butyl- [9- (10,10- 
30 dioxo-10, 10, 10, 10-tetrahydrothio- 
xantbyl ) ] methyloxycarbonyl ? 2 - 
trimethylsilylethyloxycarbonyl ; 2 - 
phenylethyloxycarbonyl ; 1,1- dimethyl -2,2- 
dibromoethyloxycarbonyl ; 1 -methyl - 1 - (4 - 
35 biphenylyDethyloxycarbonyl; benzyloxycarbonyl ; p- 
ni trobenzyloxycarbony 1 ; 2 - ( p - 
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tolueaesulf onyl ) ethyloxycarbonyl ; m- chloro - p - 

a.cyloxybexxzyloxycaTbonyl / 5 - 

benzyisoxazolylmethyloxycarbonyl ; p - 

(dihydroxyboryl) beazyloxycarbonyl; m- 
5 nitropheayloxycarbonyl; o-nitrobenzyloxycarbonyl; 3,5- 
dimethoxs^enzyloxycarbonyl; 3,4-<aiinethoxy-6- 
nitrobeazyloxycarbonyl ; N« -p- 

toluenesulfonylaiftinocarbonyl; t - amylojcycarbonyl ; p> 
decyloxybeazyloxycarbonyl ; diisopropylniethyloxycarbonyl ; 
10 2,2-dijnethoxyceurbonylvinylo3cycarbonyl; di(2- 

pyridyl ) methyloxycarbonyl ; 2 - f uraaylmetlvloxycarbonyl , 
phthalijBide/ dithiasuccinimide ; 2,5-diiiietlxylpyrrole; 
beazyl; 5 - dibeazylsuberyl ; tripbenylmetliyl ; beazylidene; 
diphenylmethyiene; or methanesulf onamide . 
IS "Amino acid residues- as used herein, refers to 

natural, modified or unnatural amino acids of either 
or L- configuration and means an organic compound 
containing both a basic amino group and an acidic 
carboxyl group. Natural amino acids residues are Ala, 
20 Arg, Asn, Asp, Aze. Cys, Gin, Glu, Gly, His, lie, Irg ' 
I.eu, Lys, Met, Om, Phe, Phe (4-fluoro) , Pro, Sar, Ser, 
Thr, Trp, Tyr, and Val. Roberts and Vellaccio, The 
Peptides, vol 5/ 341-449 (1983), Academic Press, Mew 
York, discloses numerous suitable unnatural amino acids 
25 and is incorporated herein by reference for that 

purpose. Additionally, said reference describes, but 
does not extensively list,-acylic N-alkyl and acyclic 
ot,o-disubstituted amino acids. Included in the scope of 
the present invention are N-alkyl, aryl, and alkylaryl 
30 analogs of both in chain and N-terminal amino acid 

residues. Similarly, alkyi-; aryl, and alkylaryl maybe 
substituted for the alpha l^drogen. Illustrated below 
are examples of N-alkyl and alpha alkyl amino acid 
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unnatural aiaino acids that fall within the scope of 
this invention are by way of example and without 
limitation: 2 - aminobutahoic acid, 2 - aminopentanoic 
acid, 2-aminohexanoic acid, 2-aminoheptanoic acid. 2- 
aminooctanoic acid, 2-aminononanoic acid. 2- 
aminodecanoic acid,- 2-aminoundecanoic acid, 2-amino-3,3- 
dimethylliutaAbic acid, 2^amino-4. 4.di..ethylpentanoic 
acid, 2-amino-3-me,thylbexanoic acid, 2-aiaxno-3- 
methylheptanoic acid, 2.amino-3-methyloctanoic acid. 2- 
amino-3-methylnonanoic acid. 2-ami.ao-4.methylhexanoxc 
acid, 2-amino-3-ethylpentanoic acid, 2-amino-3.4- 
dimethylpentanoic acid. 2-amino-3,5-dimethylhexanoic 
acid, 2-amiiio-3,3-dimethylpentanoic acid, 2-am3.no-3- 
ethyi-3-methyipentanoic acid. 2-amino-3.3- 
diethyipentanoic acid, :2-ahdio-S-methylhexanoic ac^ 2- 



amino- o-uitsuwjf-^**^*' ^ 
a^o-2-cyciopentyiacetic , 2-amino-2-cylcohexylacetxc 

acid, 2-ainino-2-(l-methyicyicohexyl)acetxc acxd, 2- 

amino-2-(2-methyl-l-methylcylcohe^l) acetic acxd. 2- 

amno-2-(3-methyl-i-methylcylcoh«cylU acxd, 2- 

amino-2-(4-methyl-i-methylcylcohexyl) acetic acid. 2- 

amino-2-(l-ethylcycolhe^l)acetic acid. 2-amxno-3- 
(cyclohexyl) propanoic acid, 2-ajnino-4- 
(cyclohexyl)butanoic acid, 2'atoino-3- (l- 
adamantyl) propanoic acid. 2-amino.3-butenoic acxd. 2- 
amino.3.methyl-3-butenoic acid, 2-amino-4-pentenoxc 
acid, 2-amino.4-hexenoic acid. s.-amincS-heptenoxc acxd, 
2-amino:4-methyl-4-hexenoic acid. 2 -amino- 5 -methyl- 4- 
hexenoic acid, 2-amino-4-methy-5-hexenoic acid, 2-amxno- 
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S.heptenbic acid, 2.amino-3, 3, 4-triinethyl.4-pentenoic 
acid, 2-aiiiino-4-chloro-4-penteaoic, 2-amitio-4,4. 
dichloro - 3 - butenoic acid , 2 - amino - 3 ~ ( 2 - 

methylenecyclopropyl) -propanoic acid, 2 -amino- 2- (2- 
5 cyclopentenyl > acetic acid, 2 -amino- 2- 
(cyclohexenyl) acetic acid, 2-amino-3- (2- 
cyclopentenyl) propanoic acid, 2 -amino- 3- (3. 
cyclopent^yl) propanoic acid, 2-aaiino-3- U- 
cyclohesQrl) propanoic acid, 2'amino-2- (l- 
10 cyclopentenyl) acetic acid, 2 -amino- 2 - (1- 
cylcohexyl ) acetic acid, 2 - amino- 2 • ( 1 - 
cylcoheptenyl) acetic acid, 2-amino-2- {1- 

* • 

cyclpoctenyl) acetic acid, 2-amino-3- {1- ( 
cycloheptenyl ) propanoic acid, 2 - amino - 3 - ( l , 4 - 
15 cyclohexadieiiyl ) propanoic acid , 2 - amino - 3 - { 2 , 5 - 
oycloheaadienyl) propanoic acid, 2-amino-2- (7- 
cycloheptatrienyl) acetic acid, 2-amino-4,5-hexadienoic 
acid, 2-amino-3-butynoic acid, 2-amiao-4-pentyoic acid, 
2-amino-4-hexynoic acid, 2-amino-4-hepten-6-ynoic acid! 
20 2-amino-3-fluoropropanoic acid, 2-amino-3,3,3- 

acid, 2-amino-3-f luorobutanoic acid 
2-amino-3-fluoropentanoic acid, 2-amlno.3-fluorohexanoic 
acid, 2 - amino -3, 3 -dif luorobutanoic acid, 2-amino-3,3- 
difluoro-3-phenylpropatnoic acid, 2 -amino- 3- 
25 perfluoroetirylpropanbic acid, 2-amino-3- / ^ ^ 

perfluoropropylpropanoic acid, 2-amino-3-fluoro-3- 
methylbutanoic acid, 2-amino-5,5,5-trifiuoropentanoic 
acid, 2'amino-3-methyl-4,4,4-trifluorobutanoic acid, 2- 
amino-3-trifluoronfethyl-4,4,4-trifluorobutanoic acid, 2- 
30 amino-3, 3,4, 4,5,5-heptafHioropentanoic acid, 2-amino-3- 
methyl-5-fluoropentanoic 4cid, 2-amino-3-metbyl.4- 
fluoropentanoic acid, 2-amino-5,5-difluorobexanoic acid, 
2-amino-4-(flubromethyl)-5-fluoropentaaoic acid, 2- 

amiao-4- trif luorometbyl-5, 5, 5-trif luoropentanoic acid, 
2-amino-3-fluoro-3-methylbutanoic acid, 2-amino-3- 
fluoro-3-phenylpentanoic acid, 2-ajnino-2- (i- 
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fluorocyclopentyl) acetic acid, 2-ajnino-2- (l- 
f luorocyciohexyl) acetic acia, 2-ainino-3-chloropropanoic 
acid acid, 2-amiJxo-3"Clxlorol3Utanoic acid acid, 2 -amino - 
4 4-dichlorobutanoic acid acid, 2-amino-4,4,4- 
5 triclilorobutanoic- acid, 2-ainino-3,4,4-trichlorobutanoic 
acid, 2-aiiiiao-6-clilorohexanoic acid, 2 -amino- 4- 
bromobutanoic acid, 2-araino-3-bromobutanoic acid, 2- 
amino-3'mercaptobutanoic acid, 2 -amino- 4- 
mercaptobutanoic .^cid, 2'amino-3'mercapto-3,3- 
10 dimethylpropanoic. acid, 2-amino-3-mercapto-3- 

methyXpentanoic acid, 2-amino-3-mercaptopentanoic acid, 
2-amino-3-mercapto-4-methylpentanoic acid, 2-amino-3- 
methyl-4-Biercaptopentanoic acid, 2-amino-5-mercapto-5- 

methylliexanoic acid, 2-amino-2- (1- 
mercaptocycXobutyl) acetic acid, 2-amino- 2- (1- 
mercaptocyclopentyl) acetic acid, 2'amino-2- (l- 
mercaptocyclobexyl) acetic acid, 2-amino-5- 
(metbylthio) pentanoic acid, 2 -amino- 6- 
(methyltbiOhexapoic acid, 2-amino-4-methylthio-3- 
20 pbenylbutanoic acid:, 2 -amino- 5 -ethyl thio- 5- 

methylpentanoic acid, 2-amino-5-ethyltliio-3, 5,5- 
trimethylpentanoic acid. 2-amino-5-ethyltbio-5- 
pbenylpentanoic acid, 2-amino-5-ethylthio-5-pentanoic 
acid, 2-amino-5-butylthio-5-methylpentanoic acid, 2- 
amino-5-butyltbio-3,5,5-triinethylpentanoic acid, 2- 
amino-5-butyltbio-5-pbenylpentanoic acid, 2-amino-5- 
(butylthio) pentanoic acid. 2 - amino -3 -methyl -4- 
hydroselenopentanoic acid, 2-amino-4- 

methylselenobutanoic acid, 2-amino-4-ethylselenobutanoic 
acid, 2-amino-4-ben2ylselenob^tanoic acid, 2-amino-3- 
methyl-4-(methylseleno)butanoic acid, 2 -amino- 3 - 
(aminomethylseleno) propanoic acid, 2-amino-3- (3- 
aminopropylseleno) propanoic acid, 2 -amino- 4- 
methyltellurobutanoic acid, 2-amino-4-hydroxybutanoic 
acid, 2-amino-4-hydroxyhexanoic acid, 2-amino'3- 
hydroxypentanoic acid, 2-amino-3-hydroxyhexanoic acid. 
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2-:ajidiio-3inethyl-4-hydroxybutanoic acid, 2-amiuo-3- 
lVdroxy-3-methylbutanoic acid, 2-affiiao.6-hydroxyhexaaoic 
acid, 2-ainino-4-hydro3£yhe3canoic acid, 2 -amino -3- hydroxy - 
4-methylpantanoic acid, 2-aniiao-3-hydroxy-3- 
5 methylpentanoic acid, 2 7 amino- 4 -hydroxy -3,3- 
dimathylbutanoic acid, 2-amiao-3-hyro3cy«4- 
methylpentanoic acid, 2-amiao-3-hydroybutanedioic acid, 
2-amino-3-hydroxy-3-plienyl-propanoic acid, 2-amiao-3- 
hydroxy- 3 - (4 -nitrophenyl) propanoic acid, 2 -amino -3- 
10 l^i^oxy- 3 -<3-pyridyl) propanoic acid, 2-amino-2- (l- 
hydroxycyclopropyl) acetic acid, 2-amino-3- (1- 
hydroxycyclohexyl) propanoic acid, 2-amino^3-hydroxy-3- 
phenylpropanoic acid, 2 -amino- 3 -hydroxy- 3- £3 -bis (2- ( 
chloroethyDaminophenylJ propanoic acid, 2-amino-3- 
hydroxy-3'(3,4-dihydroxyphenyl)propanoic acid, 2-amino- 
3 -hydroxy- 3 - ( 3 , 4 - methyl efledioxyphenyl) propanoic acid, 2 - 
amino-4-fluoro-3-hydroxybutanoic acid, 2-amino-4, 4,4' 
trichloro-3-hydro3£ybutanoic acid, 2-amino-3-hydrox^-4- 
hexynoic acid, 2-amino-3,4~dihydroxybutanoic acid 2- 
amino-3,4,5,6-tetrahydro?cyhexanoic acid, 2 -amino -4,5 - 
dihydroxy-3 -methylpentanoic acid, 2-amii3o-5, s- 
dihydroxyhexanoic acid, 2 -amino- S- hydroxy- 4- 
(hydroxymethirl)pentanoic acid, 2-amino-4, 5-dihydroxy-4- 
<hydroxymethyl) pentanoic acid, 2 -amino -3 -hydroxy -5- 
25 benzyloxypeatanoic acid, 2-amiao-3- (2- 

amiaoethoxy) propanoic acid, 2-amino-4- (2- 
aminoethoxy) butanoic acid, 2-amino-4-oxobutanoic acid, 
2-amino-3-oxobutanoic acid, 2^amino-4-niethyl-3. 
oxopentanoic acid, 2-amino-3-phenyl-3-oxopropanoic acid, 
2-amino-4-phenyl^3-oxobutaaoic ^cid, 2'amino-3-methyl-4 ' 
oxopentanoic acid> 2-amihb-4-oxo-4- (4- 
hydroxyphenyl)blltanoic acid, 2-amino-4-oxo-4-(2- 
furyl) butanoic acid, 2-amiao-4-oxo-4- (2- 
nitrophenyl) butanoic acid, 2-amino-4-oxo-4- (2-amino-4- 
35 chlorophenyl) butanoic acfd? 2-amino-3-(4-oxo•l- 
cyclohexenyl) propanoic acid, 2 -amino- 3 r (4- 
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oxocyclobexanyl) propanoic acid. 2 - amino - 3 - ( 2 , 5 - dimethy 1 - 
3,6-dioxo-l,4-cycXohexadienyl)propanoic acid, 2-amxno-3- 
( 1 - hydroxy - 5 -methyl - 7 - 0x0 - cyclohepta - 1 , 3 , 5 - trien - 2 - 
yDpropanoic acid, 2-amino-3> (l-hydroxy-7-oxo- 
5 cyclohepta^l, 3, 5 -Jtrien- 3 -yDpropanoic acid, 2.amino-3- 
( 1 - hydroxy - 7 - 0x0 - pyplohepta - 1 , 3 , 5 - trien- 4 - yl ) propanoic 
acid 2-amino-4-methoxy-3-butenoic acid, 2-amino-4- (2- 
aminoethoxy)-3-butenoic acid, 2.amino-4- {2-amino-3- 
hydroxypropyl)-3-butenoic acid, 2-amino-2- (4-methoxy- 
10 1 4 -cyclohexadienyl) acetic acid, 2-amino-3,3- 

dlethoxypropanoic acid, 2-amino.4,4-dimethylbutanoic 
acid 2-amino-2-(2,3-epoxycyclohexyl)acetic acid, 2- 
amino- 3 - C2, 3 -epoxycyclohexy) propanoic acid, 2-amino-8- 
oxo'9,iO-epoxydecanoic acid, .2 -amino -propanedioic acxd, 
15 2-amino-3-methylbutanedioic acid, 2-amino-3,3- 

dimethylbutanedioic acid, 2-amino-4-methylpentanedioic 
acid, 2-aminor3-methylpentanedioic acid, 2-amino-3- 
phenylpentanedioic acid, 2-amino-3-hydroxypentanedioxc 
acid, 2.aminor3-carboxypentanedioic acid, 2-amino-4- 
20 ethylpentanedioic acid, 2-amino.4-propylpentanedioxc 
acid, 2-amino-4-isoamylpentanedioic acid, 2-amino-4- 
phenylpentanedioic acid, 2.amino-hexanedioic acid, 2- 
amino-beptanedioic acid, 2-aiuino.decanedxoic acxd, 2- 
amino-octanedioic acid, 2-amino-dodecanedioic acid, 2- 
25 amino-3-methylenebutanedioic acid, 2-amino-4- 

methylenepentanedioic acid, 2-amino-3-f luorobutanedxoxc 
acid 2-amino-4-fluoropentanedioic acid, 2>amxno-3,3- 
difluorobutanedioic acid, 2-amino-3.chloropentanedioic 
acid 2-amino-3-bydroxybutanedioic acid, 2-amino-4- 
30 hydroxypentanedioic acid, 2 - amino - 4 - bydroxyhexanedioic 
acid 2-amino-3,4^aihydroxypentanedioic acid, 2'amino-3 
(3.bydroxypropyl)butanedioic acid, 2 - amino - 3 -( 1 - carboxy 
4.hydroxy-2-cyclodienyl)propanoic acid, 2-amino-3- 
(aceto)butanedioic- acid, 2-amino-3-cyanobutanedioic 
35 acid, 2-amino-3-(2-caxboxy-6-oxo-6H.pyranyl)propanoic 
acid, 2-amino-3-carboxybutanedioic acid, 2-amino-4- 
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carboxypentanedioic acid, 3-aiaido-2-amino-3- 
hydroxypropanoic acid, 3-amido-2-amino-3-methylpropaiaoic 
acid, 3-aiaido-2-amino-3-phenylpropaaoic acid, S-amido- 
2,3-diaminopropanoic acid, 3-aniido-2-ainino-3- [N- (4- 
5 hydroxyphenyl) amino] propanoic acid, 2 , 3 - diaminopropanoic 
acid, 2,3.diaininobutanoic acid, 2 , 4 - diaminobutanoic 
acid, 2,4-diamino-3-inetliylbutaiioic acid, 2,4-diainiao-3- 
pheaylbutanoic acid, 2-ainino-3- (methylajiiino)butanoic 
acid, 2,5-diaiiiino-3-inethyipentanoic acid, 2,7- 
10 diaminoheptanoic acid, 2,4-diaininoheptanoic acid, 2- 
ajninp-2- (2 -piperidyl) acetic acid, 2-amiao-2- (l- 
aminocyclohexyl) acetic acid, 2,3-diainiao-3- 
phenylpropanoic acid, 2, 3-diamino-3 - (4- ( 
IVdroxyphenyl) propanoic acid, 2,3-diainino-3- (4- 
methojcyphenyl) propanoic acid, 2, 3-diainino-3- [4- (k,N' - 
dimethyamino) phenyl] propanoic acid, 2,3-diaiiiino-3 ' (3,4- 
dimethoxyphenyl)propanoic acid, 2,3-diaxnino-3-{3,4- 
methylenedioxyphenyl) propanoic acid, 2,3-diainino-3- {4- 
hydro3cy.3-inethoxypheayl)p^6panoic acid, 2,3-diamino.3- 
(2- phenylethyl) propanoic acid, 2 , 3 • diamine - 3 - 
propylpropanoic acid, 2, 6-diamino-4-hexenoic acid, 2,5- 
diainino-4-fluoropentanoic acid, 2, s-diamino-s- 
fluorohexanoic acid, 2,6=:diainino-4-hexynoic acid, 2,6- 
dianiino-5,5-di£luorohe3caiSoib acid, 2 , 6-diaiaino-5,5- ' 
dimethylhexanoic acid, 2,5-diamino.3-l^droxypent^oic ( 
acid, 2,6-diamino-3-bydro3cyhexanoic acid, 2, 5 -diamine- 4- 
hydroxypentanoic add, 2, s-diamino-4- 
acid, 2,6-diamlno-4-oxohexanoic acid, 2,7- 
diaminooctanedioic acid, 2, 6.diamino.3-carboxyhexanoic 
acid, 2,S-diainino-4'carboxypentanoic acid, 2-amino-4- {2- 
(H,W-diethylamlao)ethyl]pentandioic acid, 2-amino-4- 
(K,N'-dietbylamiao)pentandipic acid, 2-amino-4- (n- 
morpholino)pentandioic aci^,- 2-amino-4- [n,n« -bis(2- 
chloroethyl)alnino]pentandioic acid, 2.amino-4-CN,N'- 
35 bis (2-hydroxyethyl) amino] pentandioic acid, 2,3,5- 
triaminopentanoic acid> 2-amino-3- [n- (2- 
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aminetnyl) aiiiinol propanoic acid, 2-amino-3- [ (2- 
aoinoethyDseleno] propanoic acid, 2-aiaino"3- 1 (2- 
aittinoethyl) thiol propanoic acid, 2-ainino-4- 
aainooxybutanoic acid, 2-aiiiino-5-liydroxyaininopentanoxc 



acid, 2-amino-5- tN- (S-nit^o-2- 
pyximidinyl)amino]^>entanoic acid, 2-ainino.4.[(7-nitro- 
2,l,3-benzoxadiazo.l-4-yl)amino3butanoic acid, 2-ainino-3' 



35 



guanidinobutanoxc 



giianiainoptuf » - — 

acid 2-ajiiiao-4-guanidobutanoic acid, 2-ainino-6- 
guanldohexanoic acid, 2-ainino-6-ureidohexaiioic acid, 2- 
a^.3-(2-iiainbiiBidazoliu-4-yl)propanoic acid, 2-ainxno- 
2- (2-iininohexahydropyriiaidin-4-yl) acetic acid, 2-ainino- 
3.(2-iininobexatoydropyrimidiny-4-yl)propanoic acid, 2- 
aiQino-4-fluoro-5-guanidopentanoic acid, 2-amino-4« 

. , . « an-tr^. 2-aniino-4'- 



15 hydroxy- 5 - guanx 
guanidoo 




guaniaooxyou.voujwj.w — ' 

2-amino-5-(M-acetimiddylamino)pentanoic acid, 1- 
aminocyclopropanecarboxylic acid, l-amino-2- 
ethylcyclpropanecarboxylic acid, 1- 
aminocyclopentanecarboxylic acid, 1- 
aminocyclopentanecarboxylic acid, l-amino-2,2,5, 5- 
tetramethyl-cyclobexanecarboxylic acid, l- 
aminocycloheptanecarboxylic acid, i- 
aminocyclononanecirboxylic acid, 2-aiiiinoindan-2- 
carboxylic acid, 2-aininonorbor3aaiie-2.carboxyXic acxd, 2- 
amino-3-pbenylnori)ornane-2-carboxylic acid, 3- 
aminotetrahydrothiophene.3-carboxylic acid, 1-aiaiao-l, 3- 
cydohexanedicarboxylic acid, 3-amiiiopyxrolidine-3- 
carboxylic acid, i,4-diaminocyclohexanecarboxylic acid, 
6 - alkoxy- 3 - amino- 1 ,2,3.4- 1 etrabydrocarbazole - 3 - 
carboxylic acid, 2-aminobenzobicyclot2,2,2loctane-2- 
carboxylic acid, 2 - aminoindan- 2 - carboxylic acid, 1- 
aininb-2- (3,4-dhydroxyphenyl)cyclopropanecarboxylic acid, 
5 6.dial3coxy-2-aminoindane-2-carboxylic acid, 4,5- 
dlhydroxy«2-a«inoindan-2^caroxylic acid, 5, 6-dihydroxy- 
2-aIninotetralin-2-carboxylic acid, 2-amino-2-cyanoacetxc 
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acid, 2-ajttino-3-cyanopropaiioic acid, 2 -amino- 4- 
cyanobutanoic acid, 2-aiiiino-5-nitropentanoic acid, 2- 
amino-6-nitrohexanoic acid, 2-asiaino-4-aiaiaoo3cybutanoic 
acid, 2 -amino- 3 - (H-nitrosbhydroxyamino) propanoic acid, 
5 2-aittino-3-ureidopropanoic acid, 2^ainino-4-ureidobutanoic 
acid, 2-ainino-3-pliospliopropanoic acid, 2-aniino-3- 
thiophosphopropanoic acid, 2 -amino- 4- 
metnanephosphonylbutanoiq acid, 2-amino-3- 
(trimethylsilyl) propanoic acid, 2-amino-3- 

10 (dimethyl (trimethylsilylmethylsilyl) propanoic acid, 2- 
amino-2-phenylacetic acid, 2-amino-2- (3- 
chlor opheny 1 )aceticacid, 2- amino - 2 - ( 4 - 
chlorophenyl ) acet ic acid, 2 • amino - 2 - ( 3 - 
fluorophenyl) acetic acid, 2 -amino -2 - (3- 
15 methylphenyl) acetic acid, 2-amino-2- (4- 
fluorophenyl) acetic acid, 2 -amino -2 - (4- 
me thylphenyl ) acetic acid , ^2 -.amino - 2 - ( 4 - 
methoxyphenyl) acetic acid, 2-araino-2- (2- 
fluorophenyl)acetic acid, 2-amino-2- {2- 
2 0 methylphenyl) acetic acid, - 2 - amdLno - 2 - ( 4 - 

chloromethylphenyl) acetic " acid , 2 - amino - 2 - ( 4 - 
hydroxymetbylphenyl) acetic acid, 2 -amino- 2- [4- 
(methyl thiomethyl) phenyl] acetic acid, 2-amino-2- (4- 
bromomethylphenyl) acetic acid, 2 -amino- 2- [4- 
(methoxymethy) phenyl] acetic acid, 2 - atn<T|r> - 2 - [4 - ( (w- / 
benzylamino) methyl) phenyl] acetic acid, 2'amino-2- (4- 
hydroxylphenyl) acetic acid, 2 - amino - 2 - ( 3 - 
hydroxylphenyl) acetic acid, 2 r amino - 2 - ( 3 - 
carboxyphenyl) acetic acid, 2-amino-2- {4- 
aminophenyl) acetic acid, 2-aminp-2- {4-azidophenyl)acetic 
acid, 2-amino-2-(3-t-butyl-4-hydroxyphenyl)acetic acid, 
2-amino-2- (3. 5-difluoro-4-hydroxyphenyl) acetic acid, 2- 
amino-2-(3,5-dihydroxyphenyl)acetic acid, 2-amiuo-2- (3- 
carboxy-4-hydroxyphenyl) acetic acid, 2-amino-2- (3,5.di- 
t -butyl - 4 - hydroxyphenyl ) acetic acid , 2 - amino - 3 - ( 2 - 
methylphenyl) propanoic acid, 2-amino-3- (4- 
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ethylphenyl ) propanoic acid, 2-aiiiino-3- {4- 
pllenylpllenyl)propanoic acid, 2 -amino- 3 - (4- 
benzylphenyl ) propanoic acid, 2 - amino - 3 - ( 3 - 
fluoroplxenyl) propanoic acid, 2-aiaino-3- (4- 
metllylplienyl)propanoic acid, 2-aihino-3'(4- 
fluorophenyl) propanoic acid, 2-amino-3- <4- 
chlorophenyl) propanoic acid, 2-amino-3- (2- 
chlorophenyl)propanoic acid, 2 -amino- 3- {4 - 
bromophenyl) propanoic acid, 2-amino-3- (2- 
bromophenyl) propanoic acid, 2-amino-3- {3- 
bydroxyphenyl) propanoic acid, 2-ajnino-3-(2- 
hydroxyphenyl) propanoic acid, 2-amino-3 - (4- 
mercaptophenyl) propanoic acid, 2-amino-3- (3- 
tr if luorometliylpbenyl) propanoic acid, 2-ainino-3- (3- 
hydroxyphenyl) propanoic acid, 2-amino-3- (4- 
hydroxypbenyl) propanoic acid, 2-ainino-3- U- 
(hydroxymethy) phenyll propanoic acid, 2-a2iiino-3' [3- 
(hydroxymethyl) phenyl] propanoic acid, 2-amino-3- [3- 
(aminometbyl) phenyll propanoic acid, 2-amino-3- (3- 
carboxypbenyl) propanoic acid, 2-amino-3- (4- 
nitrophenyl)propanoic acid, 2-amino-3-(4- 
aminophenyl) propanoic acid, 2-amino-3- (4- 
azidophenyl) propanoic acid, 2'amino-3- (4- 
cyanophenyl) propanoic acid, 2Tamino-3- (4- 
acetophenyl) propanoic acid^ 2-amino-3- (4- 
guanidinophenyl) propanoic acid, 2 -amino- 3 - t4 - 
. . ,T 1 wvrtT^noie acid. 2-amino-3-l 



(phenylazo) phenyl J. i>ropanoic acia, - - ^- 

phenylethylenyDphWl] propanoic acid, 2-amino-3- (4- 
trial1«ylsilylphenyl) propanoic acid, 2-amino-3- (2,4- 
dimethylphenyl) propanoic acid, . 2 - amino- 3 - ( 2 , 3 - 
dimethylphenyl) propanoic acid, 2-amino-3- (2,5- 
dlmetbylphenyl)propanoic acid, 2-amino-3-(3,5- 
dimethylphenyl) propanoic acid, 2-amino-3- (2,4,6- 
trimethylphenyl>propanoic acid, 2-amino-3- (3,4,5- 
trimethylphenyl) propanoic acid, 2 - amino - 3 - ( 2 , 3 , 4 , 5 , 6 
pentamethylphenyl) propanoic acid, 2-amino-3- (2,4, - 



-35- 



PCT/DSaS/13702 



difluorophenyl) propanoic acid, 2-aniiiio-3- (3,4, - 
dif luorophenyl) prppaaoie acid, 2 - amino - 3 - ( 2 , 5 , - 
difluorophenyl) propanoic acid, 2-ajnino-3- (2,6, - 
difluorophenyl ) propanoic acid , 2 - amino -3-(2, 3,5,6- 
5 tetraf luoropheayl ) propanoic acid, 2 - amino - 3 - (3 , 5 - 

dichloro-2. 4, 6 - tr if luorophenyl) propanoic acid, 2 -amino- 
3- (2, 3 -difluorophenyl) propanoic acid, 2-amino-3- (2,3- 

propanoic acid, 2-amino-3* (2,4- 
bistrif luoromethylphenyX) propanoic acid , 2 - an^ino - 3 - < 2 - 
10 chloro-5-trifluoromethylphenyl)propanoic acid, 2-amino- 
3- (2, 5 -difluorophenyl) propanoic acid, 2 -amino- 3- 
(2,3,4,5,6- pentaf luorop^nyl ) propanoic acid , 2 - am^no r 3 - ! >c ^ 
(2,3-dibromophenyl)propanoic acid, 2-amino-3- (2,5- ( 
dibromophenyl) propanoic acid, 2 - amino- 3 - (3,4- 
1 5 dibromophenyl ) propanoic acid , 2 - amino - 3 - ( 3 , 4 , 5 - 
triiodophenyl ) propanoic acid, 2 - amino - 3 - ( 2 , 3 - 
dihydroxyphenyl) propanoic acid , 2 - amino - 3 - ( 2 , 5 - 
dihydroxyphenyl) propanoic acid, 2-amino-3- (2,6- 
dihydro^cyphenyl) propanoic acid, 2 -amino- 3 - (3 -bromo- 5 - 
2 0 methoxyphenyl ) propanoic acid, 2 - amino - 3 - ( 2 , 5 - 
dimethoxyphenyl) propanoic acid, 2 - amino - 3 - (2 , 5 - 
dimethoxy-4-methylphenyl-)ptopanoic acid, 2-amino-3- (4- 
bromo-2,5-dimeth03cyphenyJ.)f)ropanoic acid, 2-amino-3- (3- 
carboxy- 4 -hydroxyphenyl) propanoic acid, 2-amino-3- (3- 
25 carboxy-4-arainophenyl)pfbpanoic acid, 2-amino-3- (2- / 
hydroxy- 5 -nitrophenyl) propanoic acid, 2-amino-3- (2- 
ethoxy- 5 - nitrophenyl) propanoic acid, 2 - amino - 3 - ( 3 , 4 , 5 - 
trimetho3cyphenyl)propanoi-c acid, 2-amino-3- (4-azido-2- 
nitrophenyl) propanoic acid, 2-amino-3- (2-hydroxy-5- 
30 nitrophenyl) propemoic acid, 2-stmino-3- (2,4-bis- 
trimethylsilylphenyl) propanoic acid, 2-amino-3- (4- 
hydroxy-3,5-di-£-butylphenyl)propanoic acid, 2 - amino- 3- 
(4 -hydroxy- 3 -benzylphenyl) propanoic acid, 2 -amino- 3 - (4 - 
hydroxy-3-f luorophenyl) propanoic acid, 2-amino-3- (4- 
35 hydroxy-2,3, 5, 6 -tetraf luorophenyl) propanoic acid, 2- 

amino-3-(4-hydroxy-3,5-dichlorophenyl)propanoic acid, 2- 
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amino-3' (4-liydroxy-3-iodoplienyl)propanoic acid, 2-amino- 
3 - (4 - hydroxy- 3,5- diiodophenyl > propanoic acid, 2 - amino - 3 - 
(4-liydroxy-2-hydxoxyphenyl) propanoic acid, 2-amino-3- (4- 
hydroxy- 3 -hydroxymethylphenyl) propanoic acid, 2-ainino-3- 
(4-hydroxy- 2 -hydroxy- 6 -methyXpheriyl) propanoic acid, 2 - 
amino - 3 - ( 4 - hydroxy- 3 - carboxyphenyl) propanoic acid, 2 - 
amino-3- (4 -hydroxy -3, 5 -dinitrophenyl) propanoic acid, 
substituted thyronines, 2-amino-3- (3,4-dihydroxy-2- 
chlorophenyl)propanoic acid, 2-amino-3-(3,4-dihydroxy-2- 
bromophenyDpropanpic acid, 2 - amino - 3 - ( 3 , 4 - dihydroxy- 2 - 
fluorophenyl) propanoic acid, 2-amino-3- (3,4-dihydroxy-2- 
nitrophenyl)propanoic acid, 2-amino-3-(3.4-dihydroxy-2- 
methylphenyl) propanoic acid, 2.amino-3- (3,4-dihydroxy-2- 
ethylphenyl ) propanoic acid, 2-amino-3-(3,4-dihydroxy-2- 
isopropylphenyl) propanoic acid, 2-amino-3- (2 -t-butyl- 
4,5-dihydroxyphenyl)propanoic acid, 2-ainino-3-(3-fluoro- 
4, 5- dihydroxyphenyX) propanoic acid, 2-amino-3- (2-f luoro- 
4',5-dihydroxyphenyl)propanoic acid, 2-amino-3- (2,5,6- 
trif luoro-3,4-dihydroxyphenyl>propanoic acid, 2-amino-3' 
(2,6-dibromo-3,4-dihydroxyphenyl)propanoic acid, 2- 

amino - 3 - ( 5 , 6 - dibr omo- 3 , 4 -dihydroxyphenyi) propanoic 

2- amino-3-{2,4,5-trihydroxyphenyX)propanoic acid, 2- 
amino-3-(2,3,4-trihydroxyphenyX)propanoic acid, 2-amino 
3 - ( 3 , 4 - dihydr oxy- 5 -methoxyphenyX ) propanoic ac id , 2 - 
ainino-3-inethyX-3-phenyXpropaaoic acid, 2-amino- 3 -ethyX- 

3 - phenyXpropanoic acid. 2-amino-3-isopropyX-3~ 
phenyxpropanoic acid, 2 ^ amino- 3 -butyX- 3 -phenyXpropanoic 
acid, 2-amino-3-ben2yX-3-phenyXpropanoic acid, 2-amino- 
3-phenyXethyX-3-phenyXpropanoic acid, 2-amino-3- (4- 
chlorophenyX) -3 -phenyXpropanoic acid, 2-amino-3' (4- 
methoxyphenyX)-3-phenyXpropanoic acid, 2-amino-3,3- 
diphenyXpropanoic acid, 2-amino-3- [4- (N,H- 
diethyXaniino)phenyX]heptanoic acid, 2-amino-3- 14» (N,N- 
diethyXamino) phenyX] pentanoic acid, 2-amino-3- (3,4- 

35 dimethoxyphenyi)pentanoic acid, 2-amino-3- (3,4- 

dihydroxyphenyX) pentanoic acid, 2 - amino - 3 - methyX - 3 - 
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phenylbutaaolc acid, 2-amiao-3 -ethyl-3-pheaylpentaaoic 
acid, 2-ainino-3-n»ethyl-3-i?henylpentanoic acid, 2-ainino- 
3,3-diphenylbutanoic acid, 2-amino-3-f luoro-3- 
phenylpropatnoic acid, 2 -amino -3 -methylene- 3- 
S phenylpropanoic acid, 2-amino-3-mGthyimercapto-3- 
phenylpropanoic acid, 2 - amino - 4 -methylmercapto - 4 - 
phenylbutanoic acid, 2-amino>4- O^A- 
dihydroxyphenyDbutanoic acid, 2 - amino- 5 - (4- 
methoxyphenyDpentanoic acid, 2 -amino -4 -phenylbutanoic 
10 acid, 2-amino-S-phenylpentanoic acid, 2-amino-3,3- 
dimethyl-5-phenylpentanoic acid, 2 - amino -4 -phenyl- 3 - 
butenoic acid, 2-amino-4-ph4noxybutanoic acid, 2-amino- 
S-phenoxypeatanoic acid, 2^amino-2- (indanyl)acetic acid, ^■ 
2-amino-2-(i-tetralyl)acetic acid, 2-amino-4,4- 
15 diphenylbutanoic acid, 2-amino-2- (2-naphthyl)acetic 
acid, 2-amino-3- (l-naphthyDpropanoic acid, 2-amino-3- 
( 1 -naphthyl ) pentanoic acid* 2 - amino - 3 - (2 - 
naphthyl ) propanoic acid, 2 - amino - 3 - { i - chloro - 2 - 
naphthyl ) propanoic acid , 2 - amino • 3 - ( l -bromo - 2 - 
naphthyl) propanoic acid, 2-amino-3- (4 -hydroxy- l- 
naphthyl) propanoic acid, 2-amino-3- (4-methoxy-l- 
aaphthyl) propanoic acid, 2-amino-3. (4 -hydroxy- 2 -chloro - 
1 -naphthyl) propanoic acid, 2-ajaiao-3- (2-chloro-4- 
mathoxy-i-naphthyl)propanoic acid, 2-amino-2- (2- 
anthryl) acetic acid, 2- amino- 3- (9- anthryl) propanoic / 
acid, 2-amino-3-(2-fluorenyl)propanoic acid, 2-amino-3- 
(4 -fluorenyl) propanoic acid, 2 -amino- 3 - 
(carboranyl) propanoic acid; 3-methylproline, 4- 
methylproline, 5-methylproline, 4,4-dimethylproline, 4- 
fluoroproline, 4, 4-difluoroproline, 4-bromoproline, 4- 
chloroproline, 4 - aminoprolifen^ , 3,4-dehydroproline, 4- 
methylproline, 4-methylenekoline, 4-mercaptoproline, 4- 
{ 4 -methoxybenzylmercapto ) proline , 4 - 
hydroxymethylproline, 3 -hydroxyproline, 3 -hydroxy- s- 
methylproline, 3,4-dihydroxyproline, 3-phenoxyproline, 
2-aminoproline, 5~aminoproline, 3-carbamylalkylproline, 
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4 - cyano - 5 -methyl - 5 - carboxyproliae , 4,5- dicarboxyl - 5 - 
methylproline, 2 - aziridinecarboxylic acid, 2- 
azetidinecarboxylic acid, 4-metbyl-2«azetidiiiecarboxylic 
acid, pipecolic acid, i , 2 , 3 , 6 - tetrahydropicolinic acid, 
3,4-methyleneproline, 2.4-methyleneproline, 4- 
aminopipecolic acid, 5-hydroxypipecolic acid, 4,5- 
dihydroxypipecolic acid, S,fi-dihydroxy-2,3- 
dihydroindole-2-carboxylic acid, 1,2,3,4- 
tetrahydro<iuinoliJie - 2 - carboxylic acid, 6,7- dibydroxy- 
1 2 3 4 -tetrahyxiroisoquinoline- 3 -carboxylic acid, 6- 
hydroxy- 1 -methyl -1,2,3,4- tetrahydroisoquinoline - 3 - 
carboxylic acid, S, 7- dihydroxy-l -methyl- 1^2, 3,4 - 
tetral^droisoquinoline- 3 -carboxylic acid, 1,3- 
oxazolidine - 4 - carboa^l ic acid , 1,2- oxazolidine - 3 - 
carboxylic acid, perhydro -1, 4 -thiazine- 3 -carboxylic 
acid, 2, 2 -dimethylt^iazolidine- 4 -carboxylic acid, 
perhydro-l,3-thiaziJie-2-carboxylic acid, selenazolidine- 
4-carboxylic acid, 2-phenylthiazolidiixe- 4- carboxylic 
acid, 2-(4-methylphexiyl)tbiazolidineT4-carboxylic acid, 
1,2,3,4, 4a, 9a- hexahydro-beta-carboline- 3 - carboxylic 
acid, 2 , 3 , 3a , 8a- tetrahydropyrrolo ( 2 , 3b) indole - 2 - 
carboxylic acid, 2 -amino- 3- (2- pyridyl) propanoic acid, 2- 
amino- 3- (3 -pyr idyl) propanoic acid, 2-araino-3- (4- 

pyridyl) propanoic acid, 2 -amino- 3- 

2-amino-3- 
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pyridyl) propanoic acid 
pyridyl) propanoic acid 
pyridyl) propanoic acid 
pyridyl) propanoic acid 
pyridyl) propanoic acid 
pyridyl) propanoic adid 
pyridyl) propanoic acid 
pyridyl) propanoic acid 
pyridyl) propanoic acid 
pyridyl) propanoic acid 
pyridyl) propanoic acid 
pyridyl) propanoic acid 



2-aiaino-3- 
2-aiaino-3*- 
2-aiiiino-3- 
2raiaino-3- 
2-amino-3'" 
2-amino-3- 
2-aminoO- 
2-amino-3- 
2-amino-3- 
2*ainino-3- 
2-amino-3- 



(2-broino-3 
(2-bronio-4- 
(2-broino-5- 
(2'broniO'S- 
(2-chloro-3-- 
(2-cliloro-4- 
(2-cliloro-5* 
{2-cliloro-6'- 
{2-f luoro-3- 
(2-f luoro-4- 
(2''f luoro-S- 
(2-f luoro-6- 
(l,2-dihydro-2-oxo•"3- 
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pyridyl ) propanoic acid , 2 - amino - 3 - ( l , 2 - dihydro - 2 - oxo- 4 - 
pyridyl ) propanoic acid , 2 - amino - 3 - ( i , 2 - dihydro - 2 - oxo - 5 - 
pyridyl) pirbpanoic acid, 2-amino-3-.(l, 2-dihydro-2-oxo-6- 
pyridy 1 ) propanoic ac id , 2 - amino - 3 - ( 5 - hydroxy- 2 - 
5 pyridyl) propanoic acid, 2-amino-3- (5-hydroxy-6-iodo-2- 
pyridyl) propanoic acid, 2-amino-3- {3-llydroxy-4-oxo- 
l , 4dihydro - 1 -pyridyl ) propanoic acid, N- ( 5 - caroxyl - 5 - 
aminopentyl ) pyridihium chloride , 1,2,5- 1 rimethyl - 4 - ( 2 - 
amino - 2 - carboxy - 1 - hydroxyet hyl ) pyridinium chloride , 2 - 
10 amino-2-<5-chloro-2 -pyridyl) acetic acid, N- {3-amino-3- 
carboxypr opyl ) pyridinium , chloride , 2 - amino - 3 - { 2 - 
pyriryl) propanoic acid, 2-amino-3- (1-pyrryl) propanoic 
acid, 2-amino-4-(l-pyrryi)butanoic acid, 2 -amino- 5- (1- ' 
pyrryDpentanoic acid, 2;-!amino-3- (5-imidazolyl) -3- 
1 5 methylpropanoic acid , 2 - amino - 3 - ( 5 - imidazolyl ) - 3 - 

ethylpropanoic acid , 2 - amino - 3 - hexyl - 3 - ( 5 - j 
imidazolyl) propanoic acid, 2-amino-3-hydroxy-3- (5- 
imidazolyl) propanoic acid, 2-amixao-3- {4-nitro-5- 
imidazolyl ) propanoic acid, 2 - amino - 3 - ( 4 -methyl - 5 - 
20 imidazolyl) propanoic acid, 2-amino-3- (2-metbyl-5- 
imidazolyl) propanoic acid, 2-amino-3-{4-fluoro-5- 
imidazolyl) propanoic acid, 2 -amino - 3 r (2 -f luoro-5 - 
imidazolyl) propanoic acid, 2-amino-3- (2-amino-5- 
imidazolyl)propanoic acid-, i2-amino-3- (2-phenylaza-5- 
25 imidazolyl) propanoic acid, ■l2-amiao-3r {l-methyl-2-nitro- 
5 - imidazolyl) propanoic acid, 2-ajaino-3- (l-methyl-4- 
nit ro - 5 - imidazolyl ) propanoic acid , 2 - amino - 3 - ( i - methyl - 
5 -nitro-5- imidazolyl) propanoic acid, 2-amino-3- (2- 
mercapto-5-imidazolyl)pr^paIloic acid, 2-amino-4- (5- 
30 imidazolyl) butanoic acid,- 2 -ami^o- 3- (1- 
imidazolyl ) propanoic acid, 2 - amino - 3 - { 2 - 
imidazolyl) propanoic acid, 2 - amino - ( i - 
pyrazolyl) propanoic acid, 2 - amino - ( 3 - pyrazolyl) propanoic 
acid, 2-amino-{3,5-dialkyl-4-pyrazolyl)propanoic acid, 
35 2-amino-3- (3- amino-1, 2,4- triazol-l-yl) propanoic acid, 2- 
amino-3- (tetrazol-S-yl) propanoic acid, 2-amino-4- (5- 
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tetraxolyDbutanotc acid, 2.».i«o-3- (6-n.etl>yl-3- 
inaolyl) propanoic acid. 2-a»inc-3- t4-f luoro-J- 
i^lyl, propanoic acid, 2-.„ino-3- ts-fluoroo- 

i^xyx, propanoic acid, --»^»-^- 
^aoXvX.propanoic acid .-»>^o^-U^ 

3 -indolyl) propanoic acid, 2 aiaano ^ v 

-j-ainino-S- {6-chloro-3* 
indolyl) propanoxc acid, 2 amino :» ^ 

.ndoIyDpropanoic acid, --^^'^ I'^^!^ ' 
indolyl) propanoic acid, 2-amino.3. 5-broiao 3 

^doXyDpropanoic acid, 2 Wno-B- 

indolyl) propanoic acid, z-amino-B- (S-bydro^ 3 

,v acid 2-aiiiino-3-{5-hydroxy-3- 

indolyl) propanoic acia. ^ a-i^ ^^^^.-i. 

acid. 2 - amino- 3 ' (7 -hydroxy- 3- 
indolyl) propanoic acid, ^ ami ^ 

indolyl) propanoic acid, - 
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amino 
amino 
amino 
.amino 



, ^«4r, afjxd 2-amino-3-(4-carboxy-3- 
indolyl) propanoic acxd, ^ ^.anoic 

"^'^r^ri U I^>^3-inaolyl)propanoic acid, 

J^:^,r,„.3-indolyl,propanoi= acid, 
, „,„o-3-aUwlm«capto-3-(J-indolyl)propanoic acid, 2 



„ia, 2.a..i»o-3-(7-aza-6-oWoro- 
a»a- 3 -indolyl) propanoic acid, z „.„„ 3. 

4-,«t1^1-3-indolyVpropaBOic acid, ; 
di^oban.o£uran.3-yl) propanoic acid, 2-ai.ano 3 (3 
. S -7 - dialXyl*an.of uran- 2 -yl. propanoic ac^2 
,^.3- <^othioph«.- 3 -yl. propanoic acid 
,5.bydroxyi.enxotliioplien-3-yl)propanoic acid, 2 amino 

(benzoiele.iol-3yl)propanoic acid, 2-ainino-3- 

2.«jiiino-3-(B-liydroxy-5- 
quinolylpropanoio acid, 2 amino 

quinolyl) propanoic acid, 2 amxn , ,3. 

* ^1 e-iri ^aeetic acid, 2-amino-3- 13 
tetrahydrbquinol- 5 -yi; acetic aw* , 

cc^yDproPanoic acid, 2-a»in.-2- 0«n.»oxazol-3- 
yllacetic acid. 2-amino-2- (S-metbylbanzisoxaaol 3 
yl acetic acid, 2-amino-2- («-metbylbenziso«Lzol-3- 
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yl) acetic acid, 2-antino~2- (v-xaethylbeazisoxa^ol-a- 
yDacetic acid, 2-andno.-2. (S-bromobeazisoxazol-s- 
ylUcetic acid, ^ -amiaao- 3 • (benziaidazol- 2- yl, propanoic 
5 nil' '^'^'''l'-''^^'''^^''^''^^^^ 

5 acxd, 2--ino.3-(5.e.dizpetbylben.iznidazol.2-yl,propanoic 
acxd, 2-a«niao-3.(4,5,6,7-hydrobea2iniida2ol-2. 
yl)propaBoic acid, 2 -amino -2 - (beazimidazoX-s-yl) acetic 
acxd 2.amino-2- (l.3.dihydro>2,2-dioxoisobenzothiophen^ 
5-yl)acetic acid, 2-aiaino-2- (l,3.dibydro-2,2.dioxo- 
lo 2,l,3-benzothiadiazol-s-yl)acetic acid, 2.aaino-2^ (2- 
oxobenzimidazol-s^yl) acetic acid, 2.ajniao.3- (4- 
hydroxybenzothiazol-s-yi) propanoic acid, 2-amino-3- 
(benzoxazol-2'yl)propanoic acid, 2-aiBino-3- ^ 
(benzothiazol-2-yl) propanoic acid, 2-amino-3- (9. 
15 adeninyl) propanoic acid, 2-amino-2- (e-chloro-s- 

P^inyl,acetic acid, 2-a,aino-2. (6^a«inp»3.purinyl,acetic 
acid, 2.ainino-3-(6-purinyl)propanoic acid, 2-amino-3- (a- 
tbeobromiayDpropanoic acid, 2-ajaino-2- (l- 
uracilyl)acetic acid, 2-ainino-2-(i-cytosiayl) acetic 
acxd, 2-amino-3-(i.uraci;yl)propanoic acid, 2-amino-3- 
{l-cytosinyl)propanoic acid, 2-ainino-4- (i- 
pyrimidinyDbutanoic acid, 2-amino-4. (4-ainino-i. 
pyrimidinyDbutanoic acid, 2-aiaino-4- (4-hydroxy-i. 
pyrimidinyDbutanoic acid, 2.aiBino.s. (1- 
pyrimidinyDpentanoic acid, 2.ai«ino-5- (4.ainino-i- < 
pyrimidinyDpentanoic acid, a-amino-s- (4 -hydroxy-i- 
pyrimidiayDpentanoic acid, 2-amino-3- (5- 
pyrinidinyl) propanoic acid, 2-amino-3- {«- 
uracilyDpropanoic acid, 2-ainino-3- {2- 

pyrimidinyl, propanoic acid,- '2.amino-3- (6-amino-4.chloro- 
2-pyrxnddinyl)propanoic acid, 2 -amino- 3- (4-1^0^.2. 
pyrimxdxnyl) propanoic acid. 2-ainino«3. {2-amino-4- 
pyrimidinyl) propanoic acid, 2 - amino - 3 - (4 5- 
dihydro^yrimidin-2-yl)propanoic acid, 2 -amino- 3- (2- 
tluouracil-6-yl)propanoic ..a6id, 2.amino-2- (S-alkyl-a- 
tetrahydrofuryl) acetic acid, 2-axnino-2. (5-metl^i.2,5- 
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aihydio-2-furyl)acetic acid, 2-amino-2- (S-aUcyl-2- 

furyl) acetic acid, " t"^' 

a>^»o • 2 • (3 -l^^Sroxy- S -»etl,yl - 4 - isoxazolyl) acetxc acid 2 
^.3. (4-t>romo-3=lvdr<.=cy-5-iBOxa«lyl)propanoxc acid, 
2 .a«ino-3 - ,4-„ethyl-3-hydroxy- 5-isoxazolyl) propanoic 
acid, 2-a«ino-3-.(3'lWdroxy-S-isoxazolyl)propaiK.ic aoxd, 
2.a»ino-2-(3-chloro-D2-is»ca.olin-S-yl) acetic acid, 2- 
3^.2-(3-cxo-S-iso»zolidinyl)acetic acid. 

, 3 , 5 - dioxo- 1 , 2 , 4 -ojcadiaxolin- 2 -yl) propai>oic acxd , 2 

, 1 e <«Qiaiolyl) propanoic acid, 2-aiiiino- 

amino - 3 - ( 3 • plienyl • S - isoxaioxyj. J pioiwu. 
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' / 2 4-03cadiasol-S-yl)propanoio 

j-t3-(4-J>ydroxyplienyl) 1,2,* oxaaw » 

acid, 2-a»ano-3-<2-thienyX)propanoic acxd. 2-a»i.o 2 2 



f.^X) acetic acid, 2-a»ino.2. (2-thienyl)acatic acxd, 2- 
andjio-2-(2-tl.ia=:olyl)ac.tic acid, 2-»aino-3- (2- 
thiazolyl) propanoic acid, 2-a«ino-4- (4-carboxy-2- 
tbiazolyDbutancjiC acid, 2-a»iii>o-3- (4- 
tuaiolyl) propanoic acid, 2-aiidno-3- (2- 
selenolyl) propanoic acid, 2-a«ino-3- (2-amino-4- 



ribofuranosyl) propanoic acid, 

.^o acias. residues" also refers to varxous amxno 

acids wl^ere sidecbain functional groups are -o^^J^^ 
appropriate protecting groups knovn to those slcxlled xn 
appropiri«uv= f i.aa (1981) discloses 

the art. •THe Peptides-, vol 3, 3 88 
aureus suitable protecting groups and xs xncorporated 
herein by reference for that purpose. 

M ueed l»rein, -alkyl- is intended to xnclude both 
branched and straight -chain saturated aliphatxc 
h^ocarbon groups having the specified nuH^ar of c^on 
Zo^, -haloall^l- is intended .to include both branched 
and straight-chain saturated aliphatic l«^o=arbon 
groups having the specified. nuBber of carbon atoms, 
^stituted with 1 or aore halogen <for example -c^F. 
Where v = 1 to 3 and w = 1 to (2v*l) ) ; -allcoxy 
represents an alkyl group of indicated number of carbon 
Us attached through an oxygen bridge, -cycloal^yl- is 
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20 
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intended to include saturated ring groups, including 
mono-,bi- or poly-cyclic ring systems, such as 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl 
cycloheptyl, adamantyl and cyclooctyl; and "biycioalkyl.. 
5 is intended to include saturated bicyclic ring groups 
such as I3.3.0]bicyclooctane, C4.3 .OJbicyclononane, 
t4 . 4 . 0) bicydodecane (dec41in) , £2.2.2] bicyclooctane 
and so forth. "Alkenyl- is intended to include 
l^ydrocarbon chains of either a straight or branched 
> configuration and one or niore unsaturated carbon - carbon 
bonds which may occur in any stable point along the 
chain, such as ethenyl, propenyl, and the like; and 
-alkynyl.. is intended to include hydrocarbon chains of ^ 
either a straight or branched configuration and one or 
more triple carbon- carbon bonds which my occur in any 
stable point along the chain, such as ethynyl, propynyl 
and the like. "P^nyx 

The terms »-{alkyl).«, ■•• • {alkyeuyl ) - « 
--(Phenyl). «, and the like, refer to alkyl,' alkenyl, and 
Phenyl groups, respectively, which are connected by two 
bonds to the rest of the structure of Formula (ii) 
Such groups may alternatively and equivalently be 
denoted as "all^lene-, -alkenylene- , "phenylene", and 
the like, respectively. ? 

"Halo- or "halogen" as used herein refers to :> ( 
fluoro, chloro, bromo, and iodo; and "counterion- is 
used to represent a sinall, negatively charged species 
such as Chloride, bromide, hydroxide, acetate, sulfate 
and the like. ' 

AS used herein, "aryl" or ."aromatic residue" is 
intended to mean phenyl or naphthyl; the term 

I^^t'^^" -^P^esents an aryl crroup attached through an 
alkyl bridge. By way of examples: the term "C7-Cao 
arylalkyl- is intended to re^er to an aryl group 
attached through a Ci-C4 alkyl bridge to the residue of 
the indicated compound; the' term "(Ci-Cj alkyi,aryl« ig 
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intended to refer to a C1-C3 alkyl group whicb is 
attached through an aryl ring to the residue of the 
indicated compound; the term "aryKCi-Cs alJcyl) " is 
intended to refer to an aryl group attached through a 
C1.C3 alkyl group tq the residue of the indicated - 

compound* - 

AS used herein, "carbocycle" or -carhocyclic 

residue" is intended to mean any stable 3- to 7- 
^ered monocyclic or bicyclic or 7- to 14-menibered 
bicyclic or tricyclic or an up to 26-meiiibered polycyclic 
carbon ring, any of, which may be saturated, partially 
tmsaturated, or aromatic. Examples of such carbocyles 
include, but are not limited to. cyclopropyl, 
cyclopentyl, cyclohexyl, phenyl, biphenyl, naphthyl, 
indanyl. adamantyl, or tetrahydronaphthyl (tetralin) . 

AS used herein, the term "heterocycle- ie intended 
to mean a stable 5- to 7- membered monocyclic or 
bicyclic or 7- to lO-membered bicyclic heterocyclic ring 
which is either saturated or unsaturated, and which 
consists of carboa ^toms and from 1 to 4 heteroatoms 
independently selected from the group consisting of w, O 
and S and wherein the nitrogen and sulfur heteroatoms 
xnay optionally be oxidised, and the nitrogen may 
optionally be quatemized, and including any bicyclic 
group in which any of the above -defined heterocyclic 
rings is fused to a benzene ring. The heterocyclic ring 
nay be attached to its pendant group at any heteroatom 
or carbon atom which results in a stable structure. The 
heterocyclic rings described herein may be substituted 
on carbon or on a nitrogen atom if the resulting 
confound is stable. Examples of such heterocycles 
include, but are not limited to, IH-ihdazole, 2- 
pyxrolidonyl, 2H, GH- 1,5,2 -dithiazinyl, 2H-pyrrolyl, 3H. 
indolyl, 4-piperidonyl, 4aH-carbazole, 4H-quinolxzxnyl, 
^« 1 •> «;.thiadia2inyl, acridinyl, azocinyl, 
benzofuranyl, benzothiophenyl, carbazole, chromanyl. 
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chromenyl, cinnolinyl, decahydroduinolinyl , furanyl, 
furazanyl, imidasolidinyl , imidazolinyl , inddazolyl 
indolinyl, indoliziayl, mdolyl, isobenzof uranyl , 
isochroinanyl, isoindolinyl, isoiadolyl, isoquiaolinyl 
5 (toenzimidazolyl) , isothlazolyl , isoxazolyl, morpholinyl , 
naphthyridinyl, octahydroiso<3iiinolinyl , oxazolidinyl . , 
oxazolyl, phenanthridinyl phenanthrolinyl , 
phenarsazinyl, phenazinyl, phenothiazinyl , 
pheaoxaOiiinyl, phenoxazinyl , phthalazinyl , piperaziayi, 
10 piperidinyl, pteridinyl, purinyl, pyranyl, pyrazinyl, 
pyrazolidinyl, pyrazolinyl, pyrazolyl, pyridazinyl, 
pyridiivl, pyridyl, pyrimidinyl , pyrrolidinyl , 
pyrrolinyl, pyrrolyl, quinazolinyl, quinolinyl, ^ 
guinoxalinyl, guinuclidinyl , carbolinyl, 
15 tetrahydrof uranyl , tetrahydroisoquinolinyl, 

tetrahydroquiaolinyl , tetrazolyl; thianfciu-™i 




20 



, thienyl, thiophenyl , triaziayl, xanthenyl. 
Also included are fused riug and spiro compounds 
containing, for example, the alsove heterocycles . 
Preferred heterocycles include, but are not limited to 
pyridinyl, furanyl, thienyl, pyrrolyl, pyrazolyl, 
imidazolyl, indolyl, benzimidazolyl , IH- indazolyl , 
oxazolidinyl, benzotriazolyl, benzisoxazolyl, oxindolyl, 
benzoxazolinyl , or isatinpyl. 
25 The term "substituted-, as used herein, means that ( 

any one or more hydrogens on the designated atom is 
replaced with a selection from the indicated group, 
provided that the designated atom's normal valency' is 
not exceeded, and that the substitution results in a 
stable compound. When a substitent . is keto (i.e., =o) , 
then 2 hydrogens on the atom are replaced. 

The term "peptide" as used herein means a compound 
that consists of two or more amino acids (as defined 
herein) that are linked by means of a peptide bond. The 

compounds containing both 
peptide and non-peptide components, such as 
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pseuaopeptide or peptide mimetic residues or other 
non-araino acid components. Such a compound contaxnxng 
both peptide and non-peptide coit«,onents may also be 
referred to as a -peptide analog" . - 

The term -peptide bond" means a covalent amide • 
linkage formed by loss of a molecule of water between 
the carboxyl group of one amino acid and the amino group 

of a second amino acid. 

AS used herein, "phatnaoeutioally aoceptatle salts 
LO refer to derivatives of the disclosed coiwounds wherein 
the parent compound is modified hy making acid or l«se 
salts thereof. E=camPles of phaimaceutically acceptable 
salts include, are not limited to, mineral or 
organic acid salts of basic residues such as amines,- 
IS alteli or organic salts of acidic residues such as 

carhoxylic acids, and the like. «» pharmaceutxcally 
acceptable salts include the conventional non-toxxc 
salts or the <piatemary ammonium salts of the parent 
compound for«d, for example, from non- toxic inorganic 
20 or organic acids. For example, such convwitional non- 
toxic salts include those derived from inorganic acids 
such as tardrochloric, hydrobromic, sulfuric, sulfamic, 
phosphoric, nitric and the like, and the salts prepared 
from organic acids such as acetic, propionic, succinic 
25 glycouc, stearic, lactic, malic, tartaric. 

ascorbic, pamoic, maleic, l^oxymaleio, phenylacetie, 
glutamic, bensoic, salicylic, sulfanilic, 2- 
acetoxybenzoic, fuslaric, toluenesulfonic, 
™thanesul£onic, ethane disuifonic, oxalic, isethxonxc, 

30 and the like. • 

The pharmaceutically acceptable salts of the 

present invention can be synthesized from the parent 

compound which contains a basic or acidic moiety by 

conventional chemical methods. Generally, such salts 

35 can be prepared by reacting the free acid or base forms 

of these compounds with a stoichiometric amount of the 
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appropriate base or acid ic water or in an organic 
solvent, or in a mixture of the two; 
nonaqueous media like ether, ethyl acetate, ethanol, 

are preferred. Lists of 
suitable salts are found in Remington's Pharmaceutical 
Sciences. I7th ed. , Mack Publishing Company, Easton, PA, 
1985, p. 1418, the disclosure of which is hereby 
incorporated by reference. 

The phrase "pharmaceutically acceptable- is 
employed herein to refer to those compounds, materials, 
compositions, and/or dosage forms which are, within the 
scope of sound medical judgment, suitable for use in 
contact with the tissues of human beings and animals '• 
without excessive toxicity, irritation, allergic 
response, or other problem or complication, commensurate 
with a reasonable benefit /risk ratio. 



Synthesis 

Novel peptide boronic acids containing aliphatic 
20 sidechains were prepared by the series of reactions 
outlined in Scheme I. pirst, the precursor, hh2- 
C3i[(CH2)nBr]B02-CioHi6, n .^.3 or 4, was prepared and 
coupled with an H- terminal protecting group or with an 
w-terminal and sidechain protected peptide by the 
25 procedure we have described previously [Kettner et al. 
Ji Biol. Cbem, 2S5 18289-18297 (1390)J. An example of 
this product is 1 where the .above intermediate is 
coupled to Ac.(D)Phe-Pro-OH. i was converted to the 
corresponding alkyl cyanide 2 by treatment with 
30 tetrabutyl ammonium cyanide in .THF at 55 for 2 hours. 
This appears to be a general method for introducing the ' 
cyano group, in contrast, other common methods of 
introducing this group can be applied only with limited 

^r?!f^' ^^*>1^' taction of AC (D)Phe-Pro-KH- 

35 CHt{CH2)4-BrlB02-CioHi6 with KCaj in M,N- 

dimethylformamide failed to yield a detectable product 



{ 
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our data are consistent with the formation of a cyclic 
product arising from the nucleophilic displacement of 
the sidechain bromide by the adjacent amide NH. 
Treatment of !J-hh-ch[{CH2) 4-BraB02-CioHi6 with NaCN xn 

5 N,N-dimethylfonnamide gave the cyano compound, but only 
in low yield, indicating that cyclization does not occur 
quite so readily when the urethane protecting group (z) 
is present. Typically, 2 was purified by standard 
techniques such as silica gel chromatography. The 

10 corresponding amidine, 3, was prepared by treating the 
nitrile with a saturated solution of a mineral acid such 
as HCl in methanol. Excess solvent and acid were 
removed by evaporation and the residue was allowed to 
react with anhydrous ammonia to yield the desired 

15 product . 

Schama 1 

AcKD)Phe-ProOH ♦ HgN-CH — b' 

M-Tarmlnal PrOtSCtirKI I ^ 




or N-Termlnal Protecting 
Group J 

•■■ ■■ Br 
(CH^dBr 

2 



1. MaOH, HCl R*-lAln-NH-CH— -BOsrCioHiB 
(CH2)8C(NH)NH2 

3 

The formamidino substituted boronic acid, 5, was 
prepared by the synthesis of the corresponding alkyl 
20 amine such as ac- (D) Phe-Pro-boroOm-CioHi6 4, Scheme 2 
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This in turn was prepaxed by treating i with soditan 
aside followed by hydrogenatlon (Kettner et al., 1990). 
The amine, 4, was treated with ethyl formimidate to . 
yield the formamidino compound, 5. 

4 



10 



15 



\ 



R^-IAJ„— NH-CH-B02-C,oHi6 

(CH2)3NHC(NH)H 
5 

N- substituted isothiburonium derivatives and N- 
substituted guanidines are readily prepared as shown in 
Scheme 2a. Treatment of bromide l with a thiourea 
produces directly the isothiouroniun 21. Alternatively 1 
can be converted to the amine 4 as shown in Scheme 2 . 
Employing a method originally described by Kim et al 
retraAedron Lett. 29. 3183 (1988), the amine 4 then is 
heated with a formamidinesulfonic acid in the presence 
of 4-DHap to afford the guanidine 22. The required ( 
formamidinesulfonic acids can be prepared by oxidation 
of the corresponding thioureas, see: Walter and Randau, 
Liebigs Ann. C3iem. 722, 38 (1969) . 
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Sch8ms2a 



l^4Al„-NH"CH-BQarCioHie ^ 



S 

n 



HaN-C-NHR^ 



21 



i 



SOgH 

HN*C-NHR® 



(CHa)3NHC(NH)NHR 



e 



4 



The substituted boronic acid, 7, is prepared by 
treating 4 with dimethyl cyanodithioiminocarbonate or 
diphenyl cyanodicarbonindate to yield the ^-methyl 
isourea (6> or 0-phenyl isourea. respectively, usooag a 
procedure similar to that reported by Barpill et al. J. 
Hereocyclic Cbem. 25, 1698 (1988), Scheme 3. 0^ 
intermediate is treated with an^nouia In either THF or 
alcohol to yield the desired product. 



Wl9SC(NCN)SMa 



4 



I 

(CH2)3lNlHC(NCN)SM 



6 



(CH2)3NHC(NCN)^SH2 



7 
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Hydroxyguaaidino inhibitors are prepared by 
treating 4 with cyanogen bromide or cyanogen chloride 
followed by hydroxylamine to yield 8 , Scheme 4 . These 
are known chemical transformations, Nakahara et. al. 
recraiiedran, 33, 1531 (1977) and Belzecki et al* j' - 
Qiem, Soc. Qxem, Ccmmm., 6O6 (1970} . 

Scheme 4. 

1. BrCN 

4 R^-IA1„— NH-CH— BOa-C^oHte 

I 

(CF^3NHC(NOH)Nf^ 
8 

The preparation of new aromatic boronic acids are 
shown in Scheme 5 . Punctionalized benzylic anions 
containing either a haloaen or evann o.ti^«*. 4 



10 



25 



cyano group is shown for illustration) are obtained by 
15 treatment with activated 2n metal in THF or other inert 
solvent and then with CuCH-SLiCl [Berk et al. 
Oiigaaonietallics 9, 3053-3064 (1990)]. Dichloromethyl 
boronic acid pinanediol was prepared by the method 
described by Tsai et al. Orgaaonze tallies 2, 1543-1545 
20 (1983) . It was allowed to react with the transmetalated 
anion to yield S. This was the only acceptable method ( 
of preparing these functionalized benzylic anions. For 
^f«cample, treatment of p-nitobenzyl chloride with lithium 
metal using the method of Michel et al. J. 
Organometallxc Chem. 204, ^i-12 (1981) failed to yield an 
identifiable product. Similarly, treatment of p- 
cyanobenzyl chloride with lithium naphtlialenide in the 
presence of ZnClj using the conditions of Zhu et al. j. 
Org. aiem. 56. 1445.1453 (1991) did not give the desired 
30 product. 
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The a-aminoboronic acid, ±0. was obtained by 
treating 9 with the lithium salt of 
and removing the trimethylsilanyl groups by treatment 
with anhydrous HCl. lO was coupled to either an H- 
terminai protecting' group or to a peptide using known 

techniques. 

The aromatic substituted cyanides, ll, were 

converted to the corresponding amidino compound, 12, 
using tlie same sequence of reactions described for 
preparation of the aliphatic amidino compound, 3 . 



Scheme 5 



CHgBr 




1.Zn 

Z CuCN''2UCl 



3. p 

ON ClgCH-B:^ 





BO2-C10H16 
2.HCt 



9 




r3.[AI,»NH-CH 

A0-(D)Ph©-ProOH 9^2 
or N-Terminal PiotaOing 

Group. 



BOg-CiO^^iB 





11 



I 



1. MeOH. HCD 

2. NHs 




15 



^ C(NH)WH2 

12 

11 can be hydrogenated to yield the corresponding 
aminomethyl group as an aromatic substituent 13, Scheme 
6. The corresponding formamidino, cyanoguanidino , 
h^oxyguanidino and guanidino compounds, 14, 15, 



16, 
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sna 17, respectively, ate prepared 
described for the aliphatic series 



by the procedures 
, Scheme 1. 



8ch9ma6 



11 



R'-IAl„'NH-CH-BOa-C,oH« R'-IAfc-NH-qH-BQa^JjoH,, 




OMAP 



EI0C(NH}H 



18 %HiW^ 




1. Ma$C(NCN)SMa 

2. NHS 



17 



CHaNHC(NH)NHg 



I 



CH. 




CH8NHC(NH)H 





CHgNHCCNCNJNHa 



ie CHgNHC(NOH)N{^ 



16 
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Aromatic guanidino inMbitors, 20, were prepared 
from precursor R-boroPhe-CioHi6, Scheme 7. The aromatic 
ring was nitrated by reaction with NO+BP4" to yield 18 
which was reduced to the corresponding amine, 19. The 
5 amine is converted to the guanidihe by reaction with 
amino iminome thane sulfonic acid [Mosher et al. 
Tetrahedral Lett, 29 3183 (1988)] or cyanamide (Kettner 

et al. 1990) . 
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Schsma 7 




Scheme 8 illustrates the preparation of thrombin 
inhibitors where the Pi side chain is substituted with 
an alkoxy group, and wher^ the H-terminus is derivatized 
with novel N-blocking groups. Treatment of R^-CAln-KH- 
CH[(CH2) 3-Br)B02-CioHi€ with an alkoxide yielded the 
ether 20 in the Pi site, as shown for Boc- (D)Phe-Pro-NH- 
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protecting group yleiaefl the free ^^J^ 

^urtl^er nidified to give "^.^Ttrreductive 
properties. The ii*iWtor 3i """""^ ^ r 
^^on with glyoxyXic acid and ,odi» 
e^horoh^dride using^a^-^-"-^^ 

general described by ^^'^^'^ ^^^^ jormldehyd. 

1991. Similarly, reductive amination witn 
yielded the H.H-dinethyl analog 24. 

t 



RlAJ„-NH-CHUCHa)a-Brl-BO;f CtoHie 

NaOCHs 

HCl/dioKano 





HCOCOOH 
NaBHaCN 



HCHO 
NaCNBHa 





2<l 



15 




w ^«om ester <i was tHe starting 
The boroom ester ^ 

• x-v. ^iAa rfialn amides 12^; # 
inhibitors with side cbain ^^^7^,29) at the Pi side 

^ - ..,„4<4Ae and ureas \£S.* 

(27) , a-hydroxyamides (28) an obtained by 

— ^ Q\ The latter compounds were ODta.iiJ« 

chain (Scheme 9). The xat 
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Of 4 with potassium cyaaate in alcohol . 

conditions similar to those described bv PrSn^« « 

ai T n «»viAoea oy Frimpong-Maaso 

et al. J. Heterocyclic Chem. 29, 221, 1992. 

Scheme 9. 



R3.IAJn-(j-CH-B02-CoH,e 

• 

NH 

H3C (p 

R3-IAlr»-[}~CH-BO^C,^„ j 

I potassiutn I ? (CHa. 

NH cyanaiB HaC-§-ci I 
HaM-C 4 . NH 

o o I <^=f=o 

29 HO-C-^OH 



16 



28 I*" 

C-C—OH 
II Ha 
O 



16 




guanidino 



of this invention with modified 

k a 




a^soribed previously for the preparation of cliMitiai»- 
-rant et aX. ^. ehe». ^. ^^^^ 



1™ 3^°^ ^"^^<^-»<^ithio-i»i.o=arb«.ate to 

g^ve ai. rreafent of ^ with either a».onia, an .ifcyi 

a»ine, or an K,B-aialfcyl amine yielded the oorresponina 
oyanoguanidine (32a) n-aiv^i . ^"asponding 

«, i, ^- „ " a«yl cyanoguanidine (32b), and 

»,H-diaUcyl cyanoau«adiae (32a). respeotively~~ihe 
peptide portion of the n„leciae was edified to yield a 

when r3 of 32 waci 
Boo, treatment with anhydrous Hcl gave a free am^o 
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group which was carboxymethylated with HCOCOOH and 

NacaiBHa . 



Scheme 10. 

S-C H3 j^3^ N— C H- BOa-CioHie 
N=C— N=C H I 



(CH2)3 



I 

S-CH3 I 3^ 

NH 

N=C— N=C 



S-CH3 



-NH3 or -NHaR^ or r3.ja|„-n~CH-B02-CioHi8 

-nhrW hi 



31 



(CH2)3 

SC-N=C 



32a: Y = -NH2 
32b: Y = -NHR« 
32c:Y«-NR^R* 



scheme 11 shows the preparation of inhibitors 
wherein X is an aminooxy or guanidinooxy group. T 
were prepared according to the general procedure 
described by Martin et al J. Med. Chem. 8, 456, 1965. 
The alKyl halide 1 was allowed to react with H- 
hydroxyphttialiioide in DMP in the presence 
triethylamine at 100 -C to yield 34. The phthalamido 
group was reiBOved by treatment with hydrazine in 
methylene chloride and methanol to give the aminooxy 
compound 35. The aminooxy group of 35 was converted to 
the guanidinooxy group of 36 by heating with cyanamide 
in toluene. Other methods of guanidation described m 
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tbe present case can 
desired compound 36. 



also applied here to form the 



11. 



HO-N II 



H 



1 



CH BO2-C10H13 

(CH2)3 

o 




34 



1. H2NNH20H2O ^^^^ 

2. HCI 0 -HCI 

NHs 

35 



NH 

C=NH 



NH2 36 



Scheme 12 illustrates the preparation of boronic 
acid analogs containing a substituted cyclohexyl ring in 
the Pi site. Cyclohexadione monoethylene ketone 38 was 
converted to the alkene 39 using a Wittig reaction. 39 
was hydroboronated using diiisopinocainphyl borane and 
converted to the boronic acid ethyl ester using the 
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geaeral procedure described by Brown et al. J. Org. 
cnem. 47, 506S, 1982. Transesterif ication with 
pinanediol gave 40., The a-chloro compoimd 41 was 
prepared by the homologation reaction of 40 with the 
anion of methylene chloride using the procedure of 
Matteson et al. J. Am. Chem. Soc, 105, 2077, 1983. 
Nucleophillic displacement of the a- chloride with the 
lithium salt of hexamethyldisilazane gave the bis^silyl 
protected amine 42. The triraethylsilyl protecting 
groups were removed by treatment with anhydrous HCl. 
The a-amino group was coupled to either an acyl group or 
N-protected peptide or amino acid using the mixed 
anhydride or other standard peptide coupling reaction 
conditions. The peptide 43 was treated with an aq^ieous 
15 suspension of a sulfonic acid substituted ion exchange 
resin to yield the side chain ketone which was converted 
to the amino cyclohexylpeptide 44 by reductive amination 
using ammonium acetate and sodium cyanoborohydride. 
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Scheme 12. 




CH3P^Ph3r 
K-OrBu 



38 





39 



2.a%CHO 
3. 

HO 



HO 




*^0 ^ — ^ B-O 




CHjC32,U>A,-78'*C 



ZnQi 



40 




j^(TW!S)2 



LJHMDA, -78^C 




LHCUefliar 
2. R^-tAL-OH 



42 



R3H[A],-HH, 




43 



1. AG 50W-X8, H2O 

2. NH40QOpa3, NaCNBHa 




5 Scheme 13 shows the prepeuration of 

peptides containing a cyclohexyl residue in the Pi site 
by a modified procedure for the preparation of 44. The 
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ketalr 47 r 
synthetic Co 



1,4- ( 46 ) and 

48 

using the 



5 esters 



i prepared by the procedure of Laronze 
[lunications 21 881, 1991. Hydroboration and 
tion with H-pinanediol yielded both the 
1 3-disubstituted (49) boronic acid 

converted to the corresponding amine SO 
pathway described for 44. 



Scheme 13. 




46 



HO OH ^ 
p-TS A, toluene 




47 



2. CH3CHO 
HO 
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49 




48 




50 



Con5,ounds of the ihVention where Rl is an 
alkylcyclohexyl group and X is a hydroxide, f ormainxdxne , 
or guanidine were prepared according to Scheme 14 . 
compound 52 was prepared from 43 by treatment of 43 wxth 
a sulfonic acid substituted ion exchange resin. 52 was 
converted to 53 by reduction with NaBH* . To f opa the 
guanidino substituted compound 55, 50 was treated with 



wo 95/12499 



amiaoimtaomethaae sulfonic acid according to Scheme 7. 
The f ormamidino analog S6 was prepared hy treatment of 
50 with ethyl formimidate accordino fr> q/^v*^™^ ^ 



:j 1 



( 
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Scbeme 14 . 



a) 



(CP2) o 



43 




(CH2) 






NaBH4 



naOorl 



52 




n»Oorl 



53 



b) 



50 



Z-N=CtN 
i)MAP 




H2,Pd/C 



Ph-SOgH 



Ph-SOjH HgN^NH 




n»Oar 1 



54 



n:=Oar 1 



55 



NH 
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Scheme 14 (cont'd) 



NH 




n = Oorl 



NH 55 



" NHg* or 



I 

V 



5 Compowds of the present invention where Ri is a 
substituted benzyl group and B is a nonboronic 
acid/ester electrophilic group, such as -CO2CH3, -CHO, 
-CO2H, and -CON(CH3)OCH3, were prepared according to 
Scheme 15 from the corresponding substituted 
10 phenylalanine ester 61 by following the procedure 
described by Schmidt et 'al Synthesis 53, 1984. 
Accordingly, 57 wa^ cpatalytically hydrogenated with Pd/C 
to 58 which was coupled to R^-tAln-OH, under standard 
peptide forming conditions, to form 53. Treatment of 59 
15 with the substituted aldehyde 65 in the presence of 

lithium diisopropylamine yielded 60. Hydrogenation of / 
60 in the presence of a. chiral catalyst, such as 
DuPhosW, gave 16I. Either the R or S isomer could be 
obtained by the stereo specific hydrogenation of 60 
20 according to the procedure of Burk et al J. Am. Chem. 
Soc. 115, 10125, 1993. 61 was then converted to the 
aldehyde 62. by treatment vith diisobutyl aluminum 
hydride. The acid 63 was made from 61 by treatment with 
aqueous base. 63 was then converted to 64 by treatment 
25 of the mixed anhydride of 53 with K-methoxy>w- 

methylamine. 63 can also be readily reduced with LiAlH4 
to give the corresponding peptide aldehyde 62 according 
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to the procedure of Nahm and Weinreb Tetrahedron Lett 

22, 3815, 1981. 



Scheme 15. 

Z — N— OH 
H 1 



COOMe 



57 



P(0)(OM9)2 

Pd/C 



HM 



DCC & HOBt 



CH P(0)(OMe). 

COOMe 



Ha 



58 



N-CH — P(0)(0Me)2 
H I 

COOMe 



59 




CHO 



CN 



lithium diisopropyl 
amine 




COOMe 



DuPHOS 

1 1 



COOMe 



DiBal-H 




CHO 




OMe 



61 




NaOH 




COOH 



1. N-methylmorphollne 

2. l-butyl chloroformate 

^' Me-N 
I 

OMe 
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of the inveation wherein s is 
-C0C(=CH2)0Et, -COCOOSt, -COCOOH, -000003, OR 

-COCONRIBRI S are -prepared -Mcord^^^ Scheme IS by 
following the procedxire of Angelastro et al. j. Org.. 
Chsm, 54, 3913, 1989. Thus 64 was converted to the* 
corresponding vinyl ketone 67 by treatment with the 
lithium salt of ethyl vinyl ether. The ketone ethyl 
ester 68 is obtained by ozonolysis of the double bond. 
The corresponding carboxylic acid 69 is obtained by base 
hydrolysis of 68. Acid hydrolysis of 70 gives the 
diketone 70. The corresponding amides are prepared 
using the procedure described by Li et al. j. Med. Chem! 
36 3472, 1993. The keto function of the keto ethyl 
15 ester 71 is protected as the 1,3-dithiolane 72 and 
treated with either ammonia, a primary, or secondary 
amine to give corresponding keto amides 73. The 
bisketo-carboxylic acid esters of this invention are 
prepared by the procedure of Wasserman and Vu 
20 Tetrahedron Lett. 31, 5205, 1990. 



f 
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Scheme 16. 



a) 



64 



t-BuUrettiyl.vlnyl 
ethar, MgBr2 




ozbnolysis 



O 
11 
C 



o 

il 

c 




NaOH 



H 



O O 

li II 

0 — c 



OH 



68 




69 



CN 



b) 



^5 
C 



67 



H 

HoC 




70 



CN 



(9 



RMAJn 



68 




NH-R'R- 



R* and R" or either 
H,all^.aiyt,ora]kaiyl 



R^AJn-NH— C C— C— NR'R" 




73 



Scheme 17 shows the preparation of nonboronic acid 
5 inhibitors wherein E is an o-ketobenzoxazoline 75, 
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26, a-diazoketone 77/ oc-jnonohaloketone and 
a- trihalomethylketone 79. Thus according to the 
procedure of Edwards et al J. Am. caiem. Soc. 114, 1855 # 
1992, 21 li are prepared from 62. 77 is prepsired by 
5 treatioent of the mixed anhydride of 53 with diazomethaae 
using the general procedure of Kettner and Shaw Methods 
Bnzyinol^ 80, 826, 1981. 77 is then converted to 78 by 
reaction with an acid halide using the procedure 
described by Angliker et ail. Biochem J. 241, 871, 1987, 
10 79 is prepared from 63 by a modification of the Dakin- 
West reaction {Dakin and West J. Biol* Chem. 78, 91 

^^^^^^^^ 

1928) described by Kolb et al Tetrahedron Lett. 27 1579 
1986. ' 
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Scheme 17 . 

a) 

rt®-lAJ„-NH— C 
76 





62 





75 



b) 



O 

II 



R*-[Aln- NH— C — C— CHNz 



1. NHnrothyimo 
3. cfiazomethane 





O 

II 

RMA1„-NH-P— C-C-X 



HX 

X=CI,Br 



78 




c) 



1. Acp 

2. (CF8-C0)P 

3. cKaBcadd 



R».IA1„-NH-C 

C 



O 

II 




10 



in an alteraiite synthesis, the trifluoromethyl 
ketone analog 85 was prepared using j pi^oceaure simiXar 
to that described by Imperial and itoeles Tetrahedron 
Lett. 27. 135 r 1986. (Scheme 18) mCyanobenz aldehyde wai 
condensed with nitromethane to give the nitrostyrene 81 
which was reduced with HaBH4 using the method 
Bhattachariya et al. synthesis 886. 1985. The anion of 
the nitroalkane was added to the ethyl hemiacetal of 
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trifluroacetaldehyde to yield 82. The aitro group of 82 
was selectively reduced to give the a-amino alcohol 83 
using Ha2S203. 83 is then coupled to an H- protected 
amino acid-or- peptide to give-84-which-was-then 
to the trif luoromethyl ketone 85. 



Scheme 18. 



CHO 




H3O— NQg 
NaOH 




NaBH4 




OH 

CHp-C— CFg 

H 



»^COj 





Oxa^ chiorkia 



R^-IAIrt—OH 
caitxxiiinilda 
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15 



25 



35 




NMR, proton nuclear magnetic resonance, chemical 
shifts are reported in B units, parts per million 
downf ield from the internal tetramethylsilane standard. 
Eleme ntal analyses were co nducted hy Galbraith 
Laboratories Inc. , 'Knoxville7 TH and Microanalysis Inc. , 

DE. FAB/MS saa5)les of free boronic acids 

not give consistent results maJcing it difficult to 

mooter the removal of ester protecting groups by this 
means. However, the presence of the pinanediol and the 
pinacol groups are readily observed in NMR spectra. For 
the pinanediol ester, a methyl group is observed at 6 
0 9 and the methyl gpoups of the pinacol groves are 
observed as singlet at 5 1.1. Following the removal of 
pinanediol protecting group, MS were run by treating the 
sami-e with -2 equivalents of pinacol in methanol for 5 
minutes and evaporating the solvent. Similarly, MS 
saniples of free boronic acid, obtained by removal of the 
pinacol, were prepared by treating with pinanediol. in 
some cases, ethylene glycol was used as a matrix for 
20 mass spectroscopy to yield the boronic acid- 

ethyleneglycol ester (designated EG ester) . For the 
subsequent Example see Table l for analytical data. 



Example 1 

of j^f,,fp)phe'P ^"-""-^f fo^^^^Q^^^Q-^'^^^^^g 

The ijitermediate, Ac- (D) Phe-Pro-l^H^CHt{CH2)4Br]B02- 
CloHl6. was prepared using the mixed anhydride 
proced^e. Ac- (D) Phe-Pro-OH (3.04 g, 10 mmol) was 
dissolved in 50 mL of THF and N-methylmorpholine (1.1 
30 mL, 10 mmol) was added. The solution was cooled to 
-20«'C using a CCI4 dry ice bath and isobutyl 
chloroformate (1.30 mL, 10 mmol) was added.. After 5 min 
at -20"C, the mixture was added to HH2-CH[ (CH2) 4BrJB02- 
CxoHi6-HCl (3.81 g, 10 mmol) which was dissolved in 20 mL 
of THF and preceded to -20*C. Triethylamine ( 1,39 mL, 
10 mmol) was added and the mixture was allowed to stir 
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for 1 h at -20»C and 2 h at room temperature. Insoluble 
material was removed by filtration and the filtrate was 
evaporated under a reduced pressuJa. The residue was 
dissQlwed-ia so. inL- of-ethyl-acetate and washed" " 
5 subsequently with 75 ml. of 0.2 W UCI. 5% KaHCOs, and 
saturated aqueous sodium chloride. The organic phase 
was dried over Na2S04 and concentrated in vacuo to give 
AC-(D)Phe-Prb-HHCHt{CH2)4Br3B02-CioHi6 (6.01 g, 95% 

yield) . 

10 The bromide (1.89 g, 3.0 mmol) and tetra-n-butyl 

ammonium cyanide (3.2 g. ii.s mmol, 4 eg) were dissolved 
in 50 JDL of acetonitrile. This solution was heated at 
90 C for 3 h and solvent was removed under reduced ( 
pressure. The residue was dissolved in 50 mL of ethyl 

IS acetate and was washed with three 50 mL portions of 

saturated aqueous waCl. The ethyl acetate solution was 
dried over anhydrous Na2S04 and evaporated to give 2.5 g 
of crude product. It was purified by silica gel 
chromatography using 5% MeOH in CHCI3 as an eluent to 
20 yield the desired product (0.50 g, 29% yield) . 

LRMS (HH3-CI) m/e calcd. for M (C32H4SN4OSB) ♦ NH4*: 
594.4. Found: 594. HRMS (IJH3 - CI ) m/e calcd. for M 
(C32H4SII4OSB) + H+: 577.3561. Found: 577.3555, 



^5 Example 2 

Synthesis of Ac- (D)Phe -Pro-MHCHy ( gg^^^r/Kii DHH,! .bq^. 
Hj a "benzene sulfonin ar^iri 

The nitrile, (ExazQple 1, 0.40 g, 0.70 imool) , was 
dissolved in 50 mL of a cold solution of saturated HCl 

30 in methanol and the solution was stirred overnight at 
4*c. The solution was then concentrated under reduced 
pressure. The residue was dissolved in anhydrous 
methanol (50 mL) , gaseous MH3 was bubbled through the 
solution for 1 h, and the solution was heated at SO **c 

35 for 3 h. Solvent was evaporated, the residue was 

suspended in minimum volume of methanol, and o.li g of 



( ' 



-7'/- 



■4 » 
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benzenesulfonlc acid eg) was added. Methanol was 
evaporated and the residue was triturated with hexane to 
yield the desired product as a pale yellow powder (0.52 



gr99 %~yield>~- „+ - 

FABMS: m/e calculated for M ( C32H4eWs05B) + H : 

594.38. Found: 594.14. HRMS(NH3-CI) m/e calcd for M 
{C32H4BN5O5B) * H*: 594.3827. Found: 594.3824. 

Example 3 

r.i' i,c,(D)Phe - Pro-imCH[(CT.)^imC(im)H]B02^ CioHj^ 

ao- ^ r>^Phe-Pr"-horoOrn fc:H=KH) -CipHis 

.;:vEthy;L.£orininddate.^^^ the procedure 

of Ohme and-Schmitz Jmgew, Chem. xntemat. sdit. 6 566 
(1.967) and Ac- (D) Phe^^ro-boroOrn-CioHi6 was prepared by 
L5 the procedure of Kettner et al. (1990). The formimidate 
(1 29 g, 11.7 mmol) and 4-N,N-dimethylaniinopyridine 
(1.44 g) were added to a solution of Ac- (D)Phe-Pro. 

« n « .BSA (2 78 g, 3.92 imnol) dissolved in 40 mL 
boroOm-CioHis'BSA ^-s./o a» 

of ethanol. The resulting solution was refluxed for 8 
20 h. After removal of solvent, the residue was purified 
by Chromatography using a coIueox of Sephedex-LH 20 and 
methanol as a solvent to give pure product (1.28 g, 56 

^""^^^^ffiUflSdaHs-CD m/e calcd. for M (C31H46BNSO5) * H*: 

25 580.3670. FOUnd: 580.3679. 

Exampla 4 

^.^r^r^^^*^ ^-F 7..-m)Phe-Pro.imCH[(CH2)3-WHC(NH)H3B(OH),2 

. The pinanediol protecting group on the boronic acid 
portion of AC- (D)Phe-Pro-NHCHUCH2)3-NHC(HH)H] -BO2- 
CioHie^HCl (Example 3) was removed by 
transesteiification using the procedure we have 
described previously in U.S. Application 08/010731. The 
pinanediol ester (0.30 g, 0.51 mmol) and phenyl boronxc 
acid (0.31 g, 2.6 mmol) were suspended in 10 ml. of a l: 
1 mixture of ether and water and was allowed to stir for 



30 



35 
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2.5 h at room temperature. The phases were separated 
and the aqueous phase was extensively washed with ether. 
The aqueous phase was evaporated to yield a solid. This 
maiterial was 'triturated~with ether"to give "the 
5 product as an amorphous white solid, 0^20 g (83 % 

yield). LRMS (NH3.CI) m/e calcd. for the pinacol ester 

M (C27H42N5O5B) + H*: 528.3. Poundr 528. HRMS (MH3. 

CI) m/e calcd. for the pinacol ester M {C27H42N5O5B) + 

H*: 528.3357. Found: 528^3347. 



10 



20 



25 



30 



Example 5 

Synthesis of Boc-Pro-lTOCHr f m-,) ji MHC (MH)Hl BO>. -rj ^^^ 

Boo-Pro-boroOm-CioHis-BSA was also prepared by the 
procedure described previously (Kettrier et al, 1990) . 
15 This peptide (3.0 g, 6.5 imnol) was dissolved in 25 m^ of 
absolute ethanol, 4- Br, N- dimethyl aminopyridine {1.6 g, 
12.9 mmol) and ethyl formimidate-HCl (1.4 g, 12.9 mm^lj 
were added. The solution was heated on a 85 "C oil bath 
: for 1 h. Solvent was evaporated and the residue was 
dissolved in methanol and was chromatogramed on a 2. s X 
100 cm column of LH20 in metlianol to yield 1.3 g of the 
desired product. 

LRMS (NH3-CI) m/e calcd. for M (C25H43N4O5B) + h+: 
491^5. Found: 491. 



( 



Example 6 

Synthesis of Boc- {D)Phe- Pro-MHCHrfCT2 )2 -NHC(NH)H]BO'> - 
C10H16 

The reaction was run using the procedure described 
for Exan«>le 3 . Boc - (D) Phe- Pro -boroOm- Cx oHig • BSA (3.7 
9. 4.78 mmol), 4-N,N-dimethylaminopyridine (1.71 g, 13.8 
innujl), and ethyl formimidate«HCl (1.54 g, 13.8 mmol) 
were dissolved in 50 ffiL of absolute ethanol and was 
heated at 85 '^C for 7 h. The desired product was 
35 obtained by chromatography on a column of LH 20 in a 
yield of 1,56 g. 
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HRMS (KB3-CI) m/e calcd for M (d34H52N506B) * H*: 
638.4089. Pound: 638.4082. 




10 




15 



20 



25 



30 



.™.t,ln(omo Boc-{D) Plxe- Pro-HHCH t {CH2) 3 - 

NHC(NH)H]BO2-Cl0Hl6* " , , 

f 0.22 n^ol) and plxeuyX Moronic acid (0.l3g ^1 JoX) 
La Placed in xoixture of 5 of et..er and S of 
wLr and was allowed to stir for 4 h at room 
water and was ^ separated and tHe organic 

teitraerature.. The pnases wet« » *' ^.^^^ 
tempera 5 ,^ of water. The combined 

solid, O.XO g. I.BB (H83C. ^ 
ester M (C30B48H5O6B) * H • S86.4 
,^,.CI) m/e calcd. for tl» pinaool ester M 

,C30H*BHS06B) * H*: Found: SS6.3772. 

Ci0Hl6i2HCl • cHr(CH2)3-NHC(NH)HlBO2-Ci0Hl6-0.40 

BOC - (D) Phe - pro -NHC3i I ^Cii2 / 3 

c n 20 ex. 0.25 mmol) was 

BS.. 0..0 HCl (Bxai^le ^- ^ ^ ^,„„ed to 

flissolved in 2 roli of 4 N HCi. 

. ^=or 1 h at room temperature. Solvent was 

V . irthl residx^e was triturated with ether to 
evaporated ana cixe 

yield 0.18 ^ ^ . H- 

HKMS (NH3^CI) m/e calcd for M tC29*i4ft 

538.3565. Found: 538.3569. 

Example 9 

„ ..„.««c:H[(CH2U -rmr(WH>HlB(OH Ia 
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15 



BSA, O.SS HCl (Exmple 8. 0.10 g 0 ' 

CI, '/^fff ' * " ' HRHS (H8,. 

.8 ll T " <C2SH.o»SO.B, . H*. 

«»b.J251. Found: 486.3255. 

^^^cample lo 

ynthe,lg Of H, KaBbC^t:amS2i£l.a.. -HCI or 

The first intermediate, Ci-catCHj- (a- ' 
cyanophenyi,,BO,-C.oH„, prepared from .-oyanobenzyi 
bromide ana <achloro»eU,yl boronate pinanediol. zinc 

dust: (l.n tr\ i _^ 



dust M n • , — ^----^-^vi-Lwx , ziinc 

oust (1.0 g) in 1 hjl of THP was en^i^^ 4. « « 

cooled to 0-5**C and a 



20 



25 



30 



TTT.^ ^-cyanoben^yl broxaide (1.37 g, 7.0 nuuol) in 
7 mL Of THP was added dropwise (5 sec/drop) . The 

reaction mixture was allowed to stir at s<^c for 2 h a 

mixture consisting of LiBr fi 95 « «■ a 

v.o mmol), and 6 xnL of THF was ri^r»r^^ i 
flasir , ^ «^ A*« was Placed an a 50 ml 

luf^ r ''^ ">^"^tureL 

allowed to warm jio -lo'c and stir for s min rt 

cooled to -78-c ana neat di=hloro»ethyl bor^nio a^ 
pinanediol (1.47 o s c m~,i. "loaic acxa 

r.sui«„„ ; "^^^ dropwise. The 

resulting mxxture was stirred at -78-c for 2 h and at 

soi„!^L"' '^""^ " ''•^ 
soiu?:ipn was extracted with three y.n ^i ^ 'J. 
efehft-r. m^ tnree 20 ml portions of 

ether. The combined, organic layers was 
anhydrous Maso^ an^ 



( 




IS 



nr.^^, ^ , x« vacuo to give crude 

expound (1.8 g) . it was purified by silica gel 
Chromatography where the column was stenwd «o . 
^exane UOO mx.> and then ^S. ^ ^^^^^ 
.xve the desired product 0.53 g (27. yie^^^T! ZsZ^l 



-n- 
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IS 



20 



, „/e calcd. for H *«B«*= 3".2. Fom.d= 



CI 

36L.1. 



TO a solution of hwamethyiaisilazane (0.21 M.. 
:::1uowe. to .X««l. «ax« to_.oo. ^-e^ture to ensure 



tte anion .^j.^, „a cl-CH [CHj- (i.- 

solution was then ooolea to ; o , „. „, 

^henyl>IBO,-C.,H.s (0-33 9- 0-38 --"l' i» ^ °* 

aided. The «ixture was allowed to «a*« to xoo» 
te«««rature and to stir overnight. 

^>.fl «nd 8 ML Of hexane was added to give a 

suspension. HCl ^^^^^ 

»" added at -78 C _ ^ -I ^^ional h»cax» 

room teroerature and starred £o .^^ ^ 



30 



■-;i::e'"^r^.:^rst:sr,err^^^^^^^^ 

precipitate, this t- ^4 1 ♦•ration. The 



^Tins^Uble .-terial was removed hy filtration 

1 evaporated at a reduced ^^^^^ 21 
, ,!o 2 a) Pinal purification was achieved by 

! !lw onTa colunuj of Sa.hedex>" IH 20 colunn 
chron^togxaphy on.a col»^ ^.^^^^^e.^.o,) -CioHlS-HCl 
using -ethanol as a solvent ^m,- 

«s obtained as an oil (0-12 3, 3*» V 

CI) «/e calcd. for M (Cx9H«BN.0,> ♦ H*. 32S.2087. 



25 Found: 325.2094. 



Exan«)le ll 

ic-'(D7pbe-Pro-0H (d.lO g, 0.33 nonol) and M- 

AC „ T n rnmol) were allowed to 

metJiylmorpboline (0.037 ml., 0.33 imnol) were 
metJxyliaorp cUorof ormate (0.043 mL, 0.33 nonol) 

react with isobutyi cna u.-KnroPhe(in-CK) - 



ia 5 mL of ^^^^ 'f^'^' olrg/o.SS inmol) dissolved in 
CinHis-HCl, (Example 10, 0.12 g, u.^* 

3 ^of coid TBT and triethyla»ine <0.0« mL. 0.33 ™ol> 

!LI? The -uixture was allowed to stir at -20-C 
35 were aaaea. xa^^ ^^^-^ 

for 1 h and to stir at room .-™n.rature for 
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mtratxon and solvent was evaporated, rasidj 
^1 sTJ:.::'*'' acetate. and wa, wa.^ o..^^ ^ 

a=l-S-»-'MCO,-and saturated aoueoui-NaQ/ .^^ 

e^rated « ^cuo tp .ive 0.= , ot an oil. it was 
purified by chromatography on a column of <^r^ „ Z, 
30 yielding 0.13 g ot desired .J^ul'^T " 

10 611.3405. Pound: 6ii.3416. 



15 



20 



!5 



0 



gynthesl:, of ac-fn>Pi,,-^.>..,^^^,j „.,,_^^^^ ^ ^ 

».> wa."di::o7ed't'5T?"°''"'^''"' ™- 

xae soiutxon was allows «-« «.*..♦ 
at 4 Aft-^-r ™^ . ^ aAxowea to stir ovemigut 

c « C. After removal of solvent, the residue was 
resuspended in s ^ of anl^ous r^ethanol, cooren, 
O C and anhydrous ^3 .a^huhhled through the solution 
for 0.5 h. It was heated at eo'c for 6.2 h. solvent 
was evaporated and one eguivalenfc k 
ae-irt /I, I ^ equivaxent of benzene sulfonic 

acid (13 lug) and 1 ni, of methanol were add^^ « T 
was evaporated under N, and the prldurt 1 - ''^^ 
With ether to give the^esire^Vr^^ aH 
powder (SS mg, 100% yield). H.MS(.H3 ci, ^"e^l^rio. ( 

« (C3sH.,BNsOs) . H^. .23.3^70. Pound: S28 368s 



^^c^Ple 13 

s yn,:hesis of l^r- 

AC- m, Phe-Pro-horoPhe ,»-a,, -Ca<^„ "wasil^i, ^ 
aa« of methanol, 10% Pd/c f25 « in 5 

were art^^^ I (25 mg) and O.IN flCl (0.41 mL) 

were added, and the mixture was ^ nui; 

«**ture was stir under H2 at room 

teinperature for 2.5 h. The «ni«^^ 

® solution was filtered 
through Celite and washed with 2ft ™t * -^^e^ea 

mtrate was conc^tratel l^r a "d:L" ' 

residue was triturated with :tLr ^g^^^: ^ 
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product as white powder (15.6 mg, 59% yield). HRMSCNHs' 
CI) m/e calcd. for M (C35H47N4O5B) + H+: 615.3718. 
Found.' 615.3700. 



Example 14 



Syntliesii 



Cl-CH[CH2-(ra-brpmo-plienyl)lB02-CioHi6 was prepared 
making the anion of jn-bromobenzyl bromide and coupling 
it to dichloromethyl boronic acid pinanediol. This 
intermediate and the corresponding amine were prepared 
using the procedure described for Example 10. The amine 
was coupled to Ac- (D) Phe-Pro-OH using the method 
described in Example 11. ' 

LRMS(HH3-CI) m/e calcd. for M (C34H43N305BrB) + H+: 
IS 666.3. Found: 666.2. 




15 

«^ ^4.>.^c-t« nf Ac-(D) Phe-PrQ-boroArq(CN)-CioHl6 

AC- (D>Pbe-Pro-boroOm-CioHi6»HCl (0.15 g, 0.25 
nimol), triethylamine (0.035 mL, 0.25 mmol) , and diphenyl 
cyanocarbonimidate (Aldrich, 0.060 g, 0.25 mmol) were 
heated at a gentle reflux for 5 h in THF and then 
stirred overnight at room temperature. The sample was 
diluted with chloroform and washed with water and 
25 saturated aqueous NaCl. It was dried over K2CO3 and 
purified by silica gel chromatgraphy using methanol: 
chloroform (1:9) as a solvent to yield 80 mg of Ac- 

(D) Phe-Pro-HH- CH [ (CH2> 3 -HH- C (N-CN) 0-PW BO2 - C10HI6 . 
LRMS(NH3-CI) m/e calcd. for M . (C38H49N606B) + H+: 

30 697.7. Found: 697. 

The above product (0.060 g, 0.080 mmol) was 
dissolved in 0.5 mL of THF and was allowed to react with 
1 equivalent of 30% aqueous ammonia for 30 min at room 
temperature. Four additional equivalent of ammonia were 
added and the solution was allowed to stir overnight at 
room ten^ierature. A large excess of ammonia was added 
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and the reaction mixture was allowed to stir 2 days at 
room teniperature . The reaction mixture was diluted with 
methylene chloride and was washed with water and 
saturated- aqueous-NaGl. i-t was-dried-over-KaCOs-and 
purified by chromatography on a silica gel column using 
methanol and chloroform, Xl: 9) as a solvent to yield 15 
mg of the desired produfct. LRBIS(KH3-CI) m/e calcd. for 
M (C32H46N7O5B) + H+i 619.5. Pound: 620. 



10 



15 



20 



Example 16 

Synthesis of Ac (D) Phe- Pho-boroPhe (o-ctt) - Cf ^w^ ^ 

ClCH[CH2C6H4-p-ClT3B02CioHi6 was prepa^id"by making 
the anion of p-cyanobenzyl bromide and coupling it to ( 
dichloromethyl boronate pinanediol. This intermediate 
and the corresponding amine were prepared using the 
procedure described for 'Exainple 10. NH2CB[CH2C6H4-p" 
CMJ BO2C10H16 (Example 7 8) was coupled to Ac- (D)Phe-Pro- 
OH using the method described in Exaiqple li . 

HRMS (KH3-Cl)m/e calcd. for M {C35H43N4O5B) + H*: 
611.3405. Pound: 611.3408. 



25 



30 



Example 17 

Synthesis of Bo c- fP) Phe-Pro-boroPhe fmcajl -p^ Qg ig 

Boc- (D) Phe- Pro-boroPhe (mCN) -CioHig was prepared by 
reacting Boc- (p) Phe -Pro -OH {0.43 g, 1.2 ramol) , H- 
boroPhe(incai)-CioHis»HCl (0.42 g, 1.2 mmol) , N- 
methylmorpholine (0.26 mL, 2.4 mmol) , 
hydroxybenzotriazole»H20 (0.36 g, 2.4 mmol), and 
dicyclohexylcarbodiimide (0.25 g, 1.2 mmol) in 20 mL of 
dichloromethane overnight at room teinperature . The 
reaction mixture was filtered and the filtrate was 
chromatogramed on a 2.5 X 100 cm column of Sephedex LH- 
20 in methanol to yield 0V36 g of the desired product. 



Example 18 

Synthesis of H- (D) Phe-Pro-boroPhe (mpw) -r^ qH 6IHCI 
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Boc-(D)Plie-Pro-boroPhe(inCN)-CioHi6 CO. 21 g) was 
allowed to react with 2 mL of 4 N HCl dioxane for 2 h at 
room temperature. Solvent was removed by evaporation 

M.. r esidue w as tri turated with ether to yield^.ll 
g of the desired product as a white solid.^ 



1.0 




Example 19 

H-(D)Phe-Pro-boroPhe(inCN)-CioHis»HCl (0.63 g, 
10 mmol) was allowed to react with 5 equivalents of 

phenylboronic acid using the procedure described for 
Example 7 to yield 0.46 g of product. 

Example 20 

H-(D)Phe'Pro',boroPhe(inCN)-OH«HCl (0.20 g, 0.42 
,1), 37% aqueous* formaldehyde (0.34 mL, 4.2 mmol) were 
in 2 ml, of acetonitrile . Sodium 
cyanoborohydride (0.080 g, 1.3 nnnol) was added and after 
20 5 min glacial , acetic acid (20^L) were added. The 

reaction pH was -7 . After 5 h, additional acetic acid 
(20 ML) were added and the mixture was stirred for i h. 
The reaction mixture was poured into 20 mL of ethyl 
acetate and the organic J*hase was washed with 10 ml. of 
25 saturated aqueous sodium chloride and dried over 
anhydrous sodium sulfate. Evaporation of solvent 

^ ^ « , « «f an oil which was tritxirated with ether 
yielded 0.16 g of an oxx wx»i.w** wt^o 

to give a white sol^d. 

Example 52 

■ 

CH [ (CH2 ? •'"^ rmcm1^ B (OH) 2 

The intermediate, Ac- (D)PhB-Pro-»H- 
C3^l(CH2) 3Br)B02CioHi6r was prepared using the mixed 
35 anhydride procedure of exan^le 1. A solution of this 

(0.35 g, 0.57 mmol) and l-methyl-2- thiourea 



-S3- 
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(0.077 g, 0.85 mmol) in 10 nL of absolute ethanol «ras 
refluxed for 18 hours. After cooling the solvent was 
removed under vacuum, and the product was separated from 

- exceas-thiourea-empioying chromatography- (elution: 

5 methanol) on Sephadex® LH-20 gel to provide 0.31 g j(77%) 
of the isothiouronium product. This boronic acid ester 
(0.28 g) was then deproteCted as described in exan^le 4 
to afford 0.13 g (57%) of the desired product, lrms 
(ESI) m/e calcd. for M (C22H34BN5O5S) + h+s 492. Pound- 
492. HRMS {KH,3-C1) a/e calcd. for ethylene glycol ester 
M <C24H36BN50sS) + H+: 518.260847. Found.- 518.261656. 



10 



35 



Example 54 ( 
S ^ithesis of Ac-(D)Phe-Pro-MH-gHrfrH^i^ ^Tr>^/.«.^^TTTrn^T - 

15 B (OH) y — 

A solution of Ac- (D)Phe-Pro-boro0m-B02C10Hi6.HCl 
f0.50 g, 0.85 mmol, prepared by the procedure of Kettner 
et al. (1990)3 , 4-methylaminopyridine (0.21 g, 1.7 mmol), 
N-methylamino - iminomethanesulf onic acid (0,24 g, 1.7 
20 mmol) , and 10 mL of absolute ethanol was refluxed for 18 
hours. After cooling the-miacture was filtered and the 
precipitate was washed with chloroform. The combined 
filtrates were concentrated under vacuum, and the 
residue was dissolved in' 10 mL of chloroform. The 
!S chloroform solution was washed with ice-cold 0.1 n / 
hydrochloric acid (2 X 3\mL) , ice-cold water (2 x 3 mL) , 
and brine. The resulting organic solution was then dried 
over anhydrous magnesium sulfate, filtered, and 
concentrated. The product was purified employing 
0 chromatography (elution: methanol) on Sephadex® LH-20 
gel to provide 0.30 g (55%) of the guanidine. This 
boronic acid ester was then deprotected as described in 
example 4 to afford 0.14 g (59%) of the desired product 
LRMS (HH3-^CI) m/e calcd. for ethylene glycol ester m 

<C24H37BN605) ♦ H"^: 501. Pound; 501. HRMS (NH3 .CI) m/e 
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caXcd. for ethylene glycol ester H (C24H37BN.O5) * 
501.299674. Founds 501.300760. 

Example 102 

C10H16 

part A. Boc-(I.)Phe-Pro-BK-CHI(CH2),-0-pnttolii..ideJ- 

. „ .^yaroWhthalindae [0.80 s, 4.9 vmol^} 
d ssoi-rea in 10 ml of HHP and heated at lOO'C for 3 
Z7. solution .«3 cooled to ro=« ^->'-»^«^ 

200 ml of cold water were added to yield a thac^ oil. 
was removed. «^ the residue was 

and evaporated. The residue was 
r rTei^xU chromato.ra.hed on a column of 

anal. Calcd forM (C41HS3H409B) * NH**: 774.4. Found 

774 

,0 part B. The phthaXlmido protected amine (0.30 g, 
Ho-oles) was dissolved in 3 ml Of CH2C12 and 

:;:^ine hvdrate .0.0.4 ml. 0.44 — > --^-^/^ 
methanol were added and the solution^was 
for 24 hrs. solids were ^ '"T !l 

25 filtrate was evaporated. The residue was dissolved xn 
.tl«ri acetate and soUds agiin were r»«.ved by 
f^tion. Ohe solution was acidfided hy the add^ton 
ofT^UCX in ether to approxl^tely pH 3. <pH measured 
on a atrip of damp pH I»Per) and the solvent waa 

The residue was ohronatographed on an JM-20 
30 evaporated, ine ibbj-u , _ «„ai 

column to yield the desired product, 0.13 g. *nal. 

for M (C33H51»407B> * H= 627.4. FO»d= 627. 

I 

Example 103 
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P*rt A Boe- (D) Phe-Pro-NH-CH t (ca^) 3 .o.phthall..iael - 
B02-C„His (0.50 s. 0.66 «nole8) doblocted by 
stirrina foj- i _^ _ - 



10 



15 



A:hr.>rith..4_iia_of-4 N-HOr-ia ma^^ 
solvent was «aporate^ the rescue triturated '^T 
et^. to give 0.40 g of product as t.>e aci salt. 

Part B. H-(WPhe-Pro-BH-CHt(CH2)3.o-phthalimia,J-BO,- 
C10H16-HC1 <0.20 g, o.« »„ie3, «.s dissolve, in 4^' 
Of dlo«ae: ™ter. Solid sodiu» bioarl^ate ,0.073 
3, 0 86 ,MK.les), and ali*a-toluene sulfonyl chloride 
(0.O6O3, 0.32 nnoias) added. The ni«:ua »as 

stirred for 5 hr at room temperature and solvent was 
removed by evaporation. The resifl..= ..^ . (' 
CH,r.i. ,. . "^^s^ue was dissolved In ^ 

CH2C12 ,20 BL) and washed with 0.20 h aci ,10 bw 5° 

»a800, ,io and saturated a^eous »aci ,io 1 \^ 
organic layer was dried over anhydrous «gs04, filtered 
^d evaporated to yield 0.18 g of the phthaliaido 
protected «,Unoo«y product. *nal. calcd. for (m . 

HH4)*: 828.4. Found: 828. 

The final product was obtained by removing the 
Phthalasado protecting group with hydrazine as descrlb^ 
Prevxously. *nal. Calcd for „ <C35H4s»40,BS, * " 

€81.4. Found: 681 



. Synthesis of BOC- (n )phe^p,.o .,atr-r.t»r/^. . , ^ . ' 

,0 3 -O-m,, -B02.CaoHx6.HCl 

(0.20 g, 0.30 mmoles) and tyana^ide ,15 mg. 0.35 ^oiesl 
w«e dissolved in s „a of toluene and heated at ^s" 

!IL . f ^""^ ''^^ -3. 0.24 «oles, was 
added and heating continued for an additional 1 hr II 
nuxture was cooled to yield a biphasic .^ture. ^ ^ 
layer was discarded and the lows, „h=.. top 

aiia une lower phase was triturated 
With ether and then vr±f--h tm=^«.^^i ^«»uea 

<ua tnen with petroleum ether to yield a 
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^olid (0.15 g) . The crude product was purified by 
chromatography on a,LH-20 column to yield 0.12 g. Anal. 
Calcd. for M (C34H53N6O7B) ♦ H: 669.4. Found: 669. 

5 ~ ~ .~ B3can^l'e~124 " . 

Synthesis of Ac> fD)Phe-Pro"MH-CH[CH2-XlB02-ClQH16 (Xa=4' 

aaiino-cyclohexyl) . 



Part A. The . protected vinylic cyclohexanone (Scheme 

10 12, 35) was prepared by first dissolving potassium t- 
butoxide (11 g* 0.10 moles) and methyltriphenyl 
phosphonium iodide (39 g, O.IO moles) in 500 ml of 
anhydrous toluene, heating to reflux, and slowly adding 
cyclohejcadione monoethylene ketal (15 g, 0.10 moles) as 

15 a toluene solution. The reaction mixtxure was refluxed 
for 3 hrs and then cooled to room ten©erature. It was 
poured over ice and. the product was extracted into 
ether. The organic solution was washed with saturated 
aqueous NaCl (1 x,250 mL) and dried over anhydrous 

20 sodium sulfate. The organic solution was filtered and 
concentrated and applied to a silica gel column 
equilibrated with ethyl acetates hexane (1: 5) to yield 
the desired product, 12 g, as a colorless oil. 
Part B. The product of Part A (8,5 g, 55 mmoles) was 

25 dissolved in 5 ml of anhydrous THP and added dropwise to 
50 mmoles of diisbpinocamphyl borane in 18 ml of THF. 
at 0"C. The diisopinocaraphyl borane was prepared prior 
to the reaction by a published procedure (Brown et al. 
J. Org. Chem 47, 5065, 1982). After stirring for 1 hr 

30 at 0»C, anhydrous acetaldehyde (8.8 g, 200 mmoles) was 
added dropwise and the reaction stirred for 36 hr at 
room temperature. The solvent and alpha pinene were 
removed by evaporation and pinanediol (8.5 g, 50 mmoles) 
dissolved in 40 nil of THF was added. Solvent was 

35 evaporated after 3 hrs to yield the desired crude 

product which was purified by chromatography on silica 
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ge,l using ethyl acetate: hexane (l: 5) to give the 
purified product In a yield of 96%. 

Part C. The product of Part B (7.9 g, 24 mmoles) and 
methyleae_chlorlde_( 3_. fi_g,_4 2 _innK>le s )^ 
5 200 ml of anbydrouLS THF and cooled to -7 8°C liithlxini. 
dii sopr opyiam ine (38 mmoles) , prepared by treating 
dilsopropylamlne (3.8 g, 38 mmoles) with 25 mL of 1.5 u 
n-butyl lithium In hexane (38 mmoles) In 20 ml of THF, 
was added dropwlse. Anhydrous ZnCl2 (6.8 g, 50 mmoles) 

10 dissolved In 50 ml of THF was added and the reaction 
mixture was allowed to stir overnight at room 
temperature^ Ether was added and the insoluble material 
removed. The organic phase was washed with water and ( 
dried over axxhydrous MgSb^. The crude product was 

15 purified by silica gel chromatrography using ethyl 
acetate: hexane to yield 8 g. 

Part D. The product of Part C (1.3 g, 3.4 mmoles) was 
dissolved in 25 ml of THF and cooled to -7 8^C. This 

m 

solution was added at -78 °C to a solution containing the 
20 lithiim salt of hexamethyldlsllazane, which had been 
prepared by treating hexamethyldlsllazane (2.9 g, 18 
mmoles) in 10 ml of THF with n-butyl lithium (1.5 N in 
hexane, 12 ml, 18 mmoles) r at -78^C followed by warming 
to room temperature. After completion of addition, the 
25 mixture was warmed to room* temperature and stirred 

( 

overnight. Solvent was evaporated and the residue 
dissolved in 100 ml of ether and 100 ml of pentane to 
yield a precipitate of LlCl • This solid material was 
filtered and the mother liquor concentrated. The 
30 product, approximately 9;0 g (IS mmoles), was dissolved 

■ 

in 40 ml of ether and was treated with 55 ml of 
anhydrous 1 N HCl In ether at *78"C. The mixture was 
allowed to warm to room temperature and stirred 
overnight . Solvent was evaporated to yield the desired 
35 product, 7.0 gi as a foam. 
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Part E. Ac-(D)Phe-Pro-OH (3.1 g, 10 mmoles) in 50 ml 
of THF, N-metbyXmorpholine (l.l tol, 10 mmoles) and 
isobutylchlorofonnate (1.3 ml, 10 nmoles) were mixed at 
-20«C. After 5 min, the product of Part D (4.0 g, 10 
mmolesT" was" addedT^' ~2b^C ¥s"'^75 ml-sdlutionrisr TIIF. 
Triethylamine (1.4 ml, 10 mmoles) was added and the 
mixture was stirred for l hr at -20-C and 3 hra at room 

Solvent was evaporated and the residue was 
coioiu-i,^3-«fted on LH-20 using methanol as a solvent. 
Additional purification was achieved by chromatography 
on silica gel using a stepwise gradient from 1% methanol 
to 10% methanol in chloroform to yield -4.5 g of the 
desired product. 

Part P. The product of Part E {O.io g, O.is mmoles) 
was converted to the ketone by dissolving it in 5 ml of 
dioxane and adding it to 5 ml of an aqrueous suspension 
of BioRad AG50-X8 resin (H+ form). The mixture was 
stirred overnight, filtered, and evaporated. The 
residue was chromatogramed on silica gel using 
chloroform, methanol (9: l) as a solvent to yield 75 mg 
of the desired product. Anal. Calcd for M (C34H52N406B) 
+ I3H4*: 623.4. Found: 623. 

Part G. The ketone, Ac- (D) Phe-Pro-NH[CH2-X] BO2-C1OH16 
(X=4-cyclohexanone) (O.lO g, 0.17 mmoles), ammonium 
acetate (0.13 g. 1.7 mmoles) and sodium cyanoborohydride 
(10 mg, 0.17 mmoles) were dissolved in 5 ml of methanol 
and stirred for 48 hrs. Anhydrous HCl (1 equ) was added 
and the reaction mixture was evaporated. The residue 
was chromatographed on a column of LH-20 using methanol 
30 as a solvent to yield 70 mg of the desired product. 
Anal.Calcd. for M (C34H51N4O5B) * H: 607.4. Pound: 

t 

607 . 

Example 125 

c^«.h««is of nnr- fr>T»,^-p^»-wH-mrgH,-x1 -bo^-CiqHi6_(3L^ 
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Part A. Following the procedure of the previous 
example, Boc- (D) Phe-Pro-OH (2.9 g, 8.0 xnmoles) was 
__coupl^_to_the_alpha^aadnoborohic acid to yieid" 3 . s g'. 
Anal calcd. for H (CssHssNsOsB) + H: 694.5. Pou^d:. * 
694.4. 

Part B. The peptide ketal (Scheme 12, 43) (4.0 g, 5.7 
mmoles) was converted to the ketone 44 in a yield of 2.5 
g. ;uial. calcd for M (C36H52N3O7B) + H: 664.5. Pound: 

10 664.4. 

Part C. Reductive amination of 44 (i.o g, 1.5 anaoles) 
yielded 0.78 g of the desired product. Anal. Calcd. for 
M (C37H57N4O6B) ♦H: 665.5. Found: 665.4. ( 

E3cainple 126 

Synthesis of Boc> f D)Phe-Pro-MH-CHrxiBQ2"ri oSl g (X=«4- 

cycloh< 

Part A. Cyclo-3-hexenone ketal was prepared by the 
20 procedure described by Laronze et al Synthetic 

Communications 21, 881, 1991. Cyclo-2-hexenone (20 g, 

(48 g, 0,78 inol) , and p- 
toluene sulfonic acid (3.0 g, 0.016 mol) were dissolved 
in 750 ml of toluene in a round bottom flask equipped 
25 with a Dean stark trap and a reflux condenser. After 
ref luxing overnight and removing water; the flask was 
cooled to room teinperature and the toluene solution was 
washed with saturated aqueous NaCl (1 x 500 mL) . The 
aqueous layer was washed with methylene chloride ( 1 x 
250 ral.) and the combined organic phases were evaporated. 
The crude product was purified by chromatography on a 
silica gel column using ethyl acetate: hexane (1: 7) to 
yield 13 g. 

Part B. The product of -Part A (1.8 g, 13 mmoles) was 
hydroborated and converted to the pinanediol ester using 
the procedure described in earlier examples. 
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Qiromatography on silica gel using ethyl acetate: hexane 
(1: 7) and a Is 40 jratio of crude product: silica gel 
gave a mixture of 1,3- and 1,4- disubstituted boronic 
-acid ester (Sclaenie 13, 4a) in a yield of 3.7 g. Anal. 

5 Calcd. for M (CiaH2904B> + Hi 3"2r.T;~"Foundl--321Tl. 

Part C. Homologation of the product of Part B (1.2 g, 
3.2 mmoles) and purification by silica gel 
chromatography gave 1.3 g of a mixture of 1,3 and 1,4- 
disidsstituted a-cbloro boronic acid isomers, Anal. 
10 Calcd. f or M (C19H30O4CIB) + H: 369.3. Found: 369.1. 
Part D. The a-chloro boronic acid (Scheme 9, XI) (1,2 
g, 3.3 mmoles) was converted to 1.3 g of the Jcetal 
protected amine hydrochloride. 

Part E'. Boc- (D)Phe-Pro-OH (1.3 g, 3.3 mmoles) was 
15 coupled to 1.2 g of the product of Part D. Following 
purification using silica gel chromatography with 
chloroforms methanol (1: 9), 0.60 g of the desired 
product was obtained. Anal. Calcd. for M (C38H56N3O8B) 
+ H: 694.5. Fomidr 694.4. 

20 Part F. The side chain ketone was generated in almost 
quantitive yield following the procedure oulined above. 
Anal. Calcd. for ,M {C36H52N3O7B) + H: 650,5. Found: 

650.4 

Part G. The final product was obtained by reductive 
25 amination of the product of Part F (0.20 g, 0.31 

mmoles) . The desired product was obtained in a yield of 
0.15 g. Anal. Calcd. for M (C36H55N4O6B) t H: 651.5. 

Found: 651.2. 
3Q ExaiDple 127 

gyntihesis of Boc- (D) P^'=>-P^-o-MH-CH [CH^-X] BOa-CioHi6_lj^4i 

hYdoxv-cyelohexyl) . 

■ 

BOC - (D) - Phe - Pro -NH- CH tCH2 ( 4 - oxocyclohexyl ) ] BO2 - 
35 CJ.0H16 (0.50 g, 0.75 mmoles) was dissoved in 2 ml of 
anhydrous methanol and sodium borohydride (50 mg, 1.3 
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nmoles) was added. After 30 min, additional HctBH^ (30 
rag) was added. After 30 min, the reaction mixture was 
concentrated, water wtas added, and the reaction mixture 

- -was-coneentrated a-seeond time ^^-Si-lica- gel- 

5 chromatography of the residue yielded 200 mg of the - 
desired product. Anal. Calcd. for M (C37H5SO7N3B) + H: 

66ff.5. Foiind: 666.4. 

m 

I t 

Example 128 

1 0 Synthesis of Boc- (D) Phe-PrQ>im»CHrmo-xj BO-^-PTjyg^ g (x«4" 

quanidino-cvclohexvl) . 

Part A, Boc - (O) Phe- Pro -NH- CH [C2J2 - ( 4 -NH2 - ( 
cyclohexyl)]B02-CioHi5 (0.78 g, l.i mraoles) , N,N- 

15 dimethylaminopyridine (0.14 g, i.i romoles) and Z-n=c(S- 
Et)-NH-Z (0.43, 1.1 mmoles) were suspended in 7 ml of 
isopropyl alcohol and heat'ed to 50 °c to give a complete 
solution. R£tex 5 hrs,, the solvent was evaporated and 
the residue dissolved in 50 ml of etbyl acetate and 

20 washed with 5% NaCOs (50 mL) , 0.20 H HCl (50 mLJ , and 
saturated aqueous NaCl (50 mL) . The product was dried 
over anhydrous Na2S04^ filtered, and evaporated. The 
residue was purified by silica gel chromatography using 
3% methanol in ethyl acetate as a solvent. The bis- 

25 carbobenzoxy protected guanidine was isolated as a white 
foam, 0.95 g. Anal. Calcd. f or M (CS4H71N6O10B) +H: 
975.6. Pound: 975.2. 

Part B. The product of Part A (0.79 g, 0,81 mmoles) 
was dissolved in 20 ml of methanol and hydrogenated in a 

30 Parr apparatiis at an initial pressue of 50 psi in the 
presence of benzene sulfonic acid (0.13 g, 0.81 mmoles) 
and 0.50 g of 10% Pd/C. After 4 hrs, the reaction 
mixture was filtered. The filtrate was concentrated and 
applied to a column of LH-20 in methanol. The desired 

35 product was obtained in a yield of 0.45 g. Anal, Calcd. 
for M (C38H59NSO6B) + Ht 707.5. Found; 707.4, 
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Example 129 
c^ mt-Hoala of Br.r-fP)Plie-P ro-(j;)Phe(jnCai)-OMe 

^rt~A7~~z-im-CHCF(6Mi)"i]COOMe -( 5T0 -g7-l5-nmoles)-was- 
dissolved in 50 ml of methanol and hydrogenated in a 
parr apparatus (inital pressure 40 psi) in the presence 
of 0.40 g of lO%Pd/C. After one etpiivalent of hydrogen 
was consumed, the catalyst was removed by filtration and 
the filtrate was evaporated to give the free amine. 
Part B. HH2-CM[B(OMe)2]C0OMe (2.5 g, 13 mmoles) , Boc- 
(D)Phe-Pro-OH (4.6 g, 13 mmoles) , N-methylmorpholine 
(1.4 ml. 13 mraoles), and hydroxyl>enzotriazole*H20 (3.9 
g, 25 mmoles) were dissolved in 150 ml of methylene 
chloride and dicycolhexylcarbodiimide (2,6 g, 13 mmoles) 
was added. The mixture was allowed to stir overnight at 
room temperture. Insoluble material, was removed by 
filtration, and the filtrate was evaporated. The 
residue was dissolved in ethyl acetate and washed with 
5% NaHCOa (150. mL>, 0.20 NHCl (150 mi), and saturated 
aqueous NaCl (ISO. ml.) . After drying over anhydrous 
MgS04 and evaporating, a white solid (5.7 g) was 
obtained. Anal Calcd. f or M (C24H36N3O9P) + H: 
542.227. Found: 542.225. 

Part e. Boc-(D)Phe-Pro-NH"CHlP(0Me)2]C00Me (1.4 g. 2.6 
mmoles) was dissolved in 7 ml of THP and was added 
dropwise to a -78.-C solution of lithium diisopropyamine 
(prepared by dissolving diisopropylamine (0.41 ml. 2.9 
mmoles) in 5 ml of THP and adding 1.6 N n-butyl lithium 
in hexane (1.7 ml, 2.6 mmoles at 0-C) . During the 
addition, a precipitate formed which was dissolved by 
warming the reaction mixture to 0«C for 5 min and 
r-e.eooling to -78»C. m-Cyanoben2yaldehyde (0.35 g. 2.6 

:s) was dissolved in 3 ml of THE and added dropwise 
to the reaction. The reaction was allowed to warm to 
room temperture and stir for approximately 3 hrs . The 
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SQlvent was evaporated, and the residue was dissolved in 
50 ml of etlvl acetate and washed with saturated aqueous 
NaCl (50 inii) and was dried over anhydrous MgS04. After 

evaporation of ..solvent, -the-a,p-unsaturated- -product 1.4- 

5 g, was obtained as a foam. 

Part D. The product of Pairt C was hydrogenated in the 
presence of ( J2, K) DuPHOS catalyst according to the 
procedure of Burke et al. j. Am. caiem. Soc, lis, 10125, 
1993. The desired product with the a- carbon in the S 
10 configuration was obtained. Anal. Calcd. for M 
(C3oH36H40s) + H: 549.271. Pound: 549.271. 

Example 130 ( 
Synthesis of Boc- (p) Phe-Pro- (g) PhQ(mCM) -OMe 



15 



This was prepared according to the procedure of the 
above example except that the hydrogenation was done 
using (S,5)DuPH0S to give the desired product. 

Anal. Calcd. for M (C30H36N4O6) + H: 549.271. Pound: 
20 S49.271. 



Exani^le 131 
Synthesis of Boc- Pro- (g) PhefmOJ) - nwo 

V 

25 Part A. Boc-Pro-OH was coupled to IIH2- 

CHfP(o) (OMe)2]C00Me by the above procedures to give Boc 
Pro-lJH-aEJtP(O) (0Me)2]C00Me. Anal Calcd. f or m 

tCi5H27N208P) + NH4+J 412.2. Pound: 412. 

Part B. The product of Part A was coupled to 
cyanpbenzaldehyde to give the a, Prunsaturated dipeptide 
analog. Anal. Calcd. for M .(C21H25N3O5) + MH4+: 417.2. 
Pound ; 417 . 

Part C. The product of Part B was reduced using 
(5,S)DuPH0S catalyst to yield Boc- (L) Pro- (L)Phe(mai) - 
case. Anal. Calcd for M (C21H27N3O5) ♦ UH^n 419. 
Pound: 419. 



( 



30 



35 
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ExaxQple 132 
g-.mi->.f=>g j s of Boc-PrQ-Phe(iaCN) -OH. 



5 Boc-Pro-Phe(jnC3J) -one (3.8 g, 9.5 mmoles") was . ~ 

dissolved in 16 ml of 50% dioxanes water. NaOH (0.42 g, 
10 mmoles) was added and the solution was stirred 
overnight at room temperature. Dioxane was removed by 
evaporation, and the solution was diluted to 100 ml with 
10 water. After acidifying to pH <2 with HCl, a 

precipitate was obtained. It was isolated and then 
recrystallized from ethanol: water to yield 2.3 g (m.p. 
183-185»C). Anal.- Calcd for M (C20H25W3O5 + H 388.2. 

I" 

Found: 38S,1» 



Exaxople 133 



• * 




Boc-Pro-Phe(mCaJ)-OH (2.1 g, 5.4 mmoles) and N- 
methyliaorpholine (1.3 ml, 12 mmoles) were dissolved in 35 
ml of methylene chloride and cooled to-5»C. 
isobutylchlorpformate (0.70 ml, 5.4 mmoles) was added, 
and the solution was stirred for 15 min at -5-C. N- 
Methyl-N-methb>cyamine (0.87 g, 9.0 mmoles) was added and 
the mixture was stirred 45 min at -5-C and 3 hrs at room 

water (35 jnL) was added and the phases 
were separaced. The aqueous phase was washed with 
methylene chloridfe' (Ix 50 mL) and the confined 
phases were dried over MgS04 and evaporated. The 
product was purified by chromatography using ethyl 
acetate; hexane (2: l) . The product was recrystallized 
from ethyl acetate: hexane to yield 2.0 g (mp 130- 
132-C). Anal, calcd for M(C22H30N4O5) * NH4+: 448.3. 

Found: 448. 

Example 134 
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Synthes is of Boc-Pro-Phe (aOT) "C (OEt^arw. 

Ethyl vinyl ether (1.2 ml, 12 raaoles) was dissolved 
~ ^~25 nX of -THF-sSd~coolea-to -78«c — f-Bu^l~litfilunr" 
5 (6.8 ml, 12 mmoles) was added aiad the reaction was 

wanned to 0»C and stirred f6r 30 min. Magnesium bromide 
etherate (12 mmoles) was added, and the mixture was 
stirred for an additional - 3 0 min. Boc-Pro-Phe(jncil) - 
N(Me)-OMe (1.0 g, 2.3 mmoles ) , dissolved in 5 ml of THP, 
10 was added to the reaction mixture. The reaction was 
warmed to room teniperature and stirred for 3 hrs. 
Saturated a(jueous HH4CI (10 ml) was added and solvent 
was evaporated. The residue was dissolved in ethyl ^ 
acetate (SO mL) and washed with water (so mL) and 
15 saturated aqueous NaCl (50 mL) . The organic phase was 
dried over MgS04 and evaporated. The product was 
purified by silica gel chromatography using ethyl 
acetate: hexane (2: 1) . The desired product (220 mg) 
was obtained. Anal. Calcd for M (C24H31N3O5) + MH4+: 
20 459. Pound: 459. 

Example 135 

Synthesis of H- fD lPhe-Pro-^boroPhe(jnCOOMe) -Cm Hi g .HCl 
Boc- (D) Phe-Pro-boroPhe (mCN) -CioHig (0. 50~gro .75 
mmoles) was dissolved in 20 ml of anhydrous methanol and ( 
cooled to 0»C. Anhydrous HCl was slowly bubbled through 
the solution for 2 hrs. olie reaction was allowed to 
stand at 4«C overnight. Ether was added to form a 
solid. Dioxane (5 ml) and water (25 ml) were added and 
30 the mixture was stirred for -7 hrs at room temperature. 
The solvent was evaporated and the residue triturated 
with ether to yield the desired product as a mixture of 
the free boronic acid an pihanediol ester (0.28 g) . 
This material was treated with 0.19 g of pinanediol in 3 
35 ml of methanol for 5 min and was applied to a column of 
LH-20 in methanol. The desired product was obtained in 



25 



Available Copy 

a yield of 0.16 g. Anal. Calcd. for M (C34H44N3O6B) + 
H: 602.340. Foxmd: 602.339. 



Hvdroe<r.natT»nYl-ProboroGlv r (CH^Ya-MH- Acetyl] C10H16 




TO a stirred solution of Hydro cinnamoyl-ProboroLys 
(l.Og, i.Siranol), EtsN (SOlflL, 3.6inmol) in THF (50 mL) 
was added acetylchlpride at O^C under an N2 atmosphere. 
After stirring for 3h at r.t.. the mixture was diluted 
with ethyl acetate (50 mL) and washed with H2O (I x 100 
JUL), Hqi UN, 1 X 100 mL), NaHCOs (sat*d, 1 X 100 mL), 
and NaCl (sat'd, l. x lOp mL) . The organic layer was 
then dried over KaaSO* and concentrated in vacuo to 
afford ti?e desired . product (99 img , 1 . Sramol ) . (M+H) * 552.4 

HRMS for C31 H47N305B calC. 552.360877; fouid 
552.360898. 



Kxaunple 136 
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The examples shown In TcQsle i can 



the schemes and procedures described 



be prepared by 
above using the 



# 

T 



4 



s 



6 



10 



11 



12 



Table 1. 



Coaapound 



US 

SSathod 



Ac - (D) Pbe • Pro -HH- 

CH t (CH2) aCJT] BO2C10H1 e 

Ac- (D)Phe-Pro-MH-CHt(CH2)4 
C (KH) MH2 1 BO2 C ,i ( ^H | p »BSfl 

Ac- (D)Phe-Pro- 
boroOm ( CK=NH) ] - Ci pH 1 g «> HCl 

Ac- (D)Phe-Pro- 
borQOra(CH=NH) 3 -OH«HCl 

I 

Boc-Pro-boroOm (CHsNH) - 
CloHig'HCl 

Boc- (D) Phe-Pro- 
boroOxn(CH»NH) ] -CioHig-O.S 
HCl'0.5 BSA 



NH3/CI 



NH3/CI 
(M-i>H) 

NH3/CI 
(M4-H) 

NH3/CI 

pinacol 



LRMS 

CALC ' D 



IiEtKS 
gOTOD 



NH3/CI 
(M+H) 

HH3/CI 



Boc- (D)Phe-Pro- 

boroOro (CH=HH) J -0H» 0 . 6 
HCI»0.4 BSA 

H- {D)Phe-Pro- 
boroom ( CH=NH) ] - Ci oHig -» 0 . 5 

HCloQ.S BSA 



KH3/CI 
pinacol 



HH3/CI 
(M+H) 



H- (D)Phe-Pro- 
boroOm(CH-NH} ] -OH«0 
HCI0O.35 BSA " 



65 



NH3/CI 

pinacol 



H-boroPhe (mOT) -CioHi^»gci 



Ac- (D)Phe-Pro-boroPhe- (m- 

CK) -CioHifi 

Ac- (D)Phe-Pro-boroPhe- (ra- 

C(MH)MH2)-CinHig»BSA 



NH3/CI 
(M+H) 

nhJTci 

(M+H) 



594.4 



594.4 



580.4 



528.3 



491.5 



638.4 



586.4 



538.4 



486.3 



611.3 



628.4 



594 



580 



528 



491 



638 



586 



( 



486 



611 



628 
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AC- {D)Phe-Pro-boroPhe- (m 



TOTm'>^ -CinHi6*HCl 



boroPlie (m 



CipHlj 



AC- (D) phe-Pro-boroArg(C2i) 



iH 



HCl 



I AC 



(D) phe-Pro-boroPlie (p-CN> - 



CioHi 



Boc- (D)Phe 

as) 



boroPbe (m' 



(D) 



Phe- Pro-boroPhe (ni- cai) - 



(D) Phe 



HCl 



boroPhe (m- CN) - 



OHfHCl 



N,N- {CH3) 2-:(I>)Plie-Pro- 
boroPHe- (IB-CN) -OH- HCl 
f ISOMER I) 

Ac- (D) phe' Pro-boroPtie (p 
CH^ jjMHp) -CiqH; 

'• ' • 

AC- (D)Fh^'^ro'h6xovh&{p' 

C(NH)MH2)-Cx nH.ig' BSA 

AC- {D>Pbe-Pro-boxroPlie- (m- 

CM) -0H»HC1 



Ims- (d) Pbe-Pro-boroPbe(m-CN) 

OHfHCl 



K- CH3 - (D) Pbe - pro -boroPhe (m- 
rw) -Ci oH ^ fi'HCl 

H-Pro-boroPbe(m-CM) - 

cVnHVfi'HCi 



< I 

(D) Thiazolylalanini 
•Kr.v>oPhe (m-cil) -CipHi 



j HH3/CI j 

(M-i-H) 


615.4 1 


NH3/CI 1 
(M'<-HH4) 1 


683.4 


l!lH3/CZ 1 
(H-^H) 


619.5 1 


1 NH3/CI 1 


628.4 1 


1 NH3/CI 
1 (M-«>XIH4) 1 


686.4 1 


j IJH3/CI ] 
(M-t-H) 


569.3 1 


1 IIH3/CI 
1 

I ester+H 


461.2 


1 KH3/CI 
EG 

1 ester-t-H 

■ f 1 


489.3 j 


1 NH3/CI 

1 (M-f-H) 


615.4 1 


T 

(M+H} 


628.37 1 


^^^^^^^^^^ ■* 

NH3/CI 
1 EG 

1 ester+ 


1 520.3 1 


NH3/CI 

• . EG 

j ester+ 
1 M114 


1 556.2 1 


HH3/CI 

1 (Hi-H} 


1 583.4 


HH3/CI 


1 422.3 


1 NH3/CI 
(M+H) 


676.4 



683 



620 



686 



569 



461 



489 



615 



628.44 



520 



583.3 



422 



676.4 
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28 



29 



30 



Boc - (D) 3 - PyriaylaXanine- Pro - 
boropfae" (m-CN) -c_i nH 

H—CB) Thiazolylaiaaine-Pro- 
boroPhe (m-OT) -CioHi g'HCl 



31 



H- (D) 3 - Pyrxdylaianine - Pro - 
boroPhe (m-CN) - Ci pHi g »HC1 



NH3/CI 
(M+H) 

MH3/CI 
(M+H) 

NH3/CI 
(M+H) 



670.4 I 670.4 



576.3 



570.3 



32 



Ms - (D)Thiazolylalaiiiae-Pro- 
boroPhe (m-CN) -CinHi g 



NH3/CI 
(U+H) 



654.3 



33 



34 



35 



36 



3 7 



3 8 



Ms - (D ) 3 - Pyridylalanine - Pro - 
boroPhe (m- CU) -CinHi g 

II-B0C-IT-CH3- (D) Phe-Pro 
boroPhe(m-Cif) -CioHt g 

Boc - (D) 2 - Pyriaylalani ne - Pro - 
boroPhe (m-CN) -Ci oHi g 

Ac - Pro - boroPhe (m- CN) - Ci qHi g 

1 

Boc - (D) 2 -ThienylcOanine-Pro- 
boroPhe (m- CN) -Ci oHig 

H- (D) 2 - Pyridylalaiiae - Pro - 
boroPhe (m- CN) - Ci. pHi g ■ HCl 



r * « ■ • * * 



39 



H- (D) 2- 

borojE>he(m>CN) -Ct r>H 




-Pro- 

HCl 



NH3/CI 
(M+H) 

NH3/CI 
(M+NH4) 

NH3/CI 
(M+H) 

NH3/CI 
(M+NHa) 

NH3/C1 
(M+NH4) 

HH3/CI 

(M+H) 

NH3/CI 
(M+H) 



648.3 



700.4 



670.4 



481.3 



692.4 



570.3 



575.3 



40 



41 



42 



Ms- lIi)2'^ldylaLlainine^Pro- 
boroPhe (m-CM) - Ct nHi g 

Ms - (D ) 2 - Thienylalaninei Pro - 
boroPhe (m- CN) - Ci oH t 

* • • • 

( 2 - Pyrimidylthio) acetyl - Pro - 
boroPhe (m-CH) -CioHi g 



NH3/CI I 648.3 
(M+H) 



NH3/C1 

(M+NH4) 

NH3/CI 
(M+H) 



670.3 



574.3 



43 



t rans - 3 - ( 3 - pyridyl ) acryl - 
Pro-boroPhe (m-CN) -CioHi g 

^ ••• , , 

(4 - Pyridylthio) acetyl - Pro- 
boroPhe (m-CN) -CioHig 



KH3/CI 
(M+H) 

MH3/CI 

(M+H) 



576 



654 



648 



700 



670 



481 



692 



570 



575 




670 



574 



573 



( 
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Succinyl- (D)Phe-Pro 
boroPbe (m - OI) - OH 



NH3/CI I 57 8.3 I 578 
BG 



3 - pyr idylpropionyl - Pro 
boroPhe<m-CN) -CiqH; - 

Boc- (D) Phe- Aze-boroPhe (m- 

CN) - CipHi. 



H- (D) phe- Aze-boroPtie (m-C3J) - 

Cinirig'HCl 

Hydrocirmajnoyl - Pro - 
rN^rrw^^TmnOH'SSA 

Hydr o c innamoy 1 - Pro ' 
T.oTQlra(CHr ;f^=gH?^ -OH>HBr 

Hy<3xociiineiinoyl - Pro - 

Ws^^T-ra f CH^) -OH>HBr 

iCbz- <D) phe-PrQ-borolrg(CH3) 

Cj ^^Hlfi'H Br 

AC- (D) phe-Pro-'borolrg (CH3) 

OH*HBr 



. aj^v*..wjiiinainoyl 
^^■r^T^^ ^rw^CHrili -OH'HBr 

AC- (p^ Pbe- Pro-^borpArg CCHs) 

' OH'HCa 

Hydrocinnamoyl - Pro - 

>,r.-.-r>aT-g{C!H:i)-OH«HCl 

■ ■* - • • 

■ ■ — > • 4 I 

Ms^ (D) Plie-Pro-b6r6Arg{CH3) 

0H»HC1_ 

Ms-(D>Pbe-Pro- 



FAB 



ester+H 

ESI 
(M+H) 

ESI 

jSI/ci 

(M+H) 



ESI 
(M+H) 

ESI 
(M+H) 

NH3/CI 
EG 

tex 

ESI 
(M+H) 



KH4 
NH3/CI 
(M+H)- 



NH3/CI I 672.4 I 672 
(M+NH4) 

NH3/CI I 555.3 
(M+H) 



PhS02- (D)pixe-Pro- 

boroArq (CH]i) -OH'HCl 



PhS02- (p)Phe-Pro- 

V>r.-roOm ( a»=»«H^ ' OH'HCl 



(M+H) 

ESI 
(M+H) 



(M+H) 

ESI 
(M+H) 



445.5 



461 



435 



718 



492 



449 



501 



418 



511 



482 



573 



445 



461 



718 



492 



449 



501 



418 



511 



482 



573 



544 



544 
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Ms- (D)Phe(4-fluoro) -Pro- 
boroQrn f CH=MH) -OHoHCl 



-PliCH2S02-(D)-phe - Pro- 
boroArg(CH3) -0H«HC1 



PhCH2S02 ' (D) Phe-Pro- 
boroOm t CH=NH^ - OH>gpi 



4 

CH3ai2CH2S02- {D)Phe-Pro 

boroOm(CHsMH^ -qhohci 

CH3CH2CH2SO2 - (D) Phe-Pro 
boroArg ( CH-^ ) - oh»HC1 



CH3 {CH2 ) 3SO2 - (13) Phe - Pro - 
boroArg { CH^ ) - 0H*HC1 

CH3 (CH2) 3SO2 - (D) Phe-Pro - 

Ac- (D)Phe-sar- 
boroOm(Cg'=MH) -OHo gpi 

Ms - (D) Phe-Sar- 
boroOm{CH=MH) -OH»hci 

Pheaethyl-S02- (D) Phe-Sar 
boroOmtCHfeMH) -OHoHCl 

■ ' ' ' • . ■ 

Boc- (D) Phe-Sar- 

boroOm(CH=MH) -0H»Hg3 



|N-alpha- rboroOrn(CH=NH) -OH] - 
(2- trains benzylcarboxasiido) - 
;cyclopentaae-l- 
earboxamide »HC1 

H- (D)Phe-Sar-boroOni{CH=i3H) - 

CioHig»2HCi 



Boc- (D)Phe-Sar- 



(n- 



ESI 
(M+H) 

ESI 
(M+H) 



500 



500 



587 



587^ 



(M+H) 



(M+H) 



510 



510 



(M+H) 

ESI 
(M+H) 

ESI 
(M+H) 



524 



NH3/CI J 446.3 I 446.3 
EG 

ester+H 



482.2 I 482.2 



MH3/CI 
EG 

ester+H 

MH3/CI I 572.27 1572.27 
EG 

tei „ 

MH3/CI I 504.3 I 504.3 

EG 
ester+H 

NH3/CI I 415.25 I 415.25 
EG ' * 



( 



ESI I 512.3 i SI? 7 

(M+H) ' ' "^-^ 

iil I 643.36 I 643.36 
(M+H) 



Hoc- (D)Phe-Aze-- 
b6fo0rn(CgaMH) -6h«hc1 

H- (d) Phe-Sar-boroPhe (in-oj) - 

CiDHifi«2HCl 



HH3/CI 
EG 



546.3 



ESI I 543.3 I 543.3 
(M+H) 
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76 



77 



4- (Phenyl) benzoyl - 
Innrn^^^"^^ -CinHifi'HCl 



(cai=iiH) - 



474.3 I 474.3 



Z- (D)Plie-Pro- 

OH'Hel 



(M+H) 
NH3/CI 

pinacol 

ester+H. 



620. 5S I 620.36 



7 6 



79 



80 



w .horoPhe- (r -"J^ nHT fi'HCl 

Boc- (D)Phe-Pro- 

N (CH3) CH [ (CH2) 3KHC (HH) Hi - 

B(0H)2 

BOC- (D)Plie-Pro- 
|n (Phenyl) CH [ (CH2) 3HHC (NH) H] 

B(OH) 



81 



84 



BOC- (D)Pbe-Pro- 
N (benzyl) CH I (CH2) 3MHC (NH) H) 
B (OH) 2 

8 2 T ■ Boc - (D) Phe - Pro - 

M ( CH3 ) CH I ( CH2 ) 3»HC (HH) H] - 

B (OMe) 

8 31 BOC- (D)Phe-PrO' 

N ( CH3 ) CH t ( CH2 ) 3NHC (HH) H) 
B[M(Me)3 

Boc- (D)Plie-Pro- 

N (CH3) CH I (Cia2) 3HHC (MH) Hi 
B (F) 

¥5 r FMoc- (D)Phe-Pro• 
NHCH t (CH2) 3NHC (HH) Hi - 

BtoC j nHie) 2 

AC- (D) cyclohexylaianyl- Pro 

NHCH [ ( CH2 ) 3HHC (HH) Hi - 
B(OC^ , 9Hl6)2 
8 7 I AC- JI>>Pbe-Gly- 

NHCH E (CH2.) 3HHC (HH) H] - 
B(OCl0Hl6)2 



86 
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89 


' 4 

Ac- (D) Pile -Pro - 
I9HCH [ (CH2} 3»HC (MOH) HH2] - 
B(OCioHie)2 - 


■ 








Ac^(D) Phe-Pro-boroPh^ (p-Br) - 

C10H16 




i 




92 


Ac- (D) Phe-Pro-boroPlie(p- 

NH2)-Cl0HiS 








93 


* 

AC- (D) Phe- Pro-boroPhe (p- 

NHC{KH)NH2) -C10H16 








95 


« 

Ac - (D) Phe - Pro -boroPhe (p - 

CH2l1HC(mi)NH2) -CioHig 








96 


Ac- (D) Phe- Pro-boroPhe {m- 

CH2NHC{ira)WH2) -CioHig 






{ 


97 


Ac - ( D ) Phe - Pro - boroPhe (m- 

CH2MHC (NH) HHCN) - Ci oHi 6 








98 


Z-Leu-Ser(OT-Bu) -Asn-Leu-: 

Ser(OT-Bu) -Asn-Leu-Ser {OT- 
Bu) - Asn - Leu - Ser ( OT - Bu) - Asn - 

HHCH[(CH2)3KHC(NH)H1 - 

B(OCioHi6)2 


„ 






99 


H-Leu-Ser (OT-Bu) -Asn-Leu- 
Ser (OT-Bu) -Asn- Leu- Ser (OT- 

Bu) -Asn-Leu-Ser(OT-BU) -Aaa" 
l^HCHC(CS2)3»HC(NH)Hl - 

B{OCioHl6}2 








100 


Z - Leu- Ser - Asa- Leu- Ser - Asn- 
Leu- Ser - Asn- Leu - Ser- Asn* 

NHCH [ (CH2) 3HHC (HH) H] - 
B{OCioHi6)2 








101 


H - Leu- Ser - Asn - Leu- Ser - Asn- 
Leu-Ser-Assi-Leu- Ser - Asn- 

NHCH C (CH2> BllHC (NH) H] r 
B(OCioHi6)2 
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1021 Boc- (D)Pbe-Pro 

boro61y[<ca2) 3-ONH2I -OH-HCl 



NH3/CI 

(EG 



103 



104 



105 



.Ph.(3l2SP2 1 (D) Phe-Pro- 
boroGly C (CH2) 3-t^NH2l - 

CinHlfi'HCl 

Boc- (p) Pbe-Pro- 

boroGlyI(CH2)3- 

QMHC (=NH) W Hol ' C 1 t^Hl 6 • HCl 

BOC- (D) phe-Prp-boroOrn- 



+H) 
NH3/CI 

(M+H). 



106 



107 



108 



109 



110 



111 



112 



113 



114 



NH3/CI 
(HfH) 



NH3/CI 
(M+HH4) 



115 



HOOCCH2 - XD) 3Piie- Pro - 
boroom [C (NCN) IJHCH3] - 

BOC- (D)Plie-Pro- 
boroom [C f wHH^ scH^l -CiqH; 
BOC (D)Plie-Pro- 

boroOrn t CQMHa ) - CipHi 
H- (D)Pbe-Pro-boroOrn(CONH2) " 

Ci nHi 6 'HCl 

^ ^ ^ 

PhCH2 SP2 - {i» Pli^ ' ' 
v^r.T■r,n^lt COHH:^ ) - Ci pH; 
HOOCCH2 - (p>.Pbe"PJrp- 
borodrn ( CQMH^ ) - CipHi c • HCl 
BQc- (D) Phe-Pro- 

■K^T-r^nrn VcQCH; ^bH) -CiqH; 

HOC- (D) pbei-Pro-borpprn (N- 

Methgnesiulfonvl) -CipHis 
H- (D) pberPro-boroOrn(N- 
Moi- tianesulf onyl) - oHis 'HCl 
4- (N- Acetyl) Aailinesulfonyl - 
(D) Phe - Pro -boroOm (N- 
MethgTieBulfonvl) -CipH; 



(M+H) 



NH3/CI 
(M+MH4) 

MH3/CI 
(Mt-H) 

am 

NH3/C1 

(M+H) 

MH3/CI 
(M+NH4) 

INH3/CI 
(M+H) 

INH3/CI 
(M+MH4 ) 
INH3/CI 

(lfl+MH4 ) 



519.3 



5X9 



6SI.4 



681 



669.4 



709.5 



726.4 



654.4 



554.4 



725.4 



612.4 



686.4 



706.4 



[NH3/CI 

( M+MH4 ) 

t3/Cl 
(H+NH4) 



589.3 



803.4 



669 



709 



650.4 I 650.5 



726 



654 



554 



725 



612 



686 



706 



589 



803 
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Metbanesulf onyl •■ (d) Phe • Pro - 

boroOrndl-Methanesulfonyl) - 

CioHig 

W7N^dijBeUiyl - (DTPhe - Pro - 
boroOm- (N-Methanesulfonyl) 



|nh3/ci 

lUHs/Cl 

•9 

(M+H) • 



684.3 



617.4 



118 



119 



120 



CxoHls-HCl 

Ac-Gly- (D)Phe-Pro-bo.rj5dm(N 
Methanesulf onyl ) 'CipHig 
H00CCH2 - (D) Phe - Pro - 

boroOm(Il-Methanesulfonyl) - 

CioHifi'HCl 

PhCH2S02* (D)Phe-Pro- 
boroOm(N-Methanesulfoiiyl) - |{m+h) 



NH3/CI 
|nH3/C1 

(M+H) 



705.4 



121 



Boc- (D) Phe -Pro - 
boroGly f ( CH2 ) 3 - OCH2 CH3 ] 



INH3/CI 

<M+2]H4} 



122 



133 



124 



125 



12s 



127 



138 



Boc- (D)Phe-Pro-' 
boroGly [ (CH2) -CN3 - Ci qHt g 

Boc- (D) Phe-Pro- 
boroQm ( COCHi ) - Ci qSv 

Ac- (D) Phe-Pro-HH-CHlt3I2 U- 
amino - cv cloh^xvl ) 3 B02 - Ci QHi ft 
Boc- (D) Phe- Pro-iNiH-ck[CH2 {4 
amino ♦ cyclohexyl ) ] BO2 - c 1 nH 1 g 

Boc- (D) Phe-ftro-lJH-CH l4- 
amino - cyclohexyl] BOa - Ci n H 
Boc -(D) Phe - Pro -m. - CH £CH2 (4 - 

hydoxy-cyclohexyl) ] BO2- 



INH3/CI 

f M+HHf ) 



I3/CI 

■ 

t3/Cl 
(M+H) 



L3/CI 

(m+h: 
IHH3/C1 

(M+H) 



i3H3/Cl 
(M+H) 



Boc- (D)Phe-Pro-KH-CH[CH2 {4" 
giianidino - cyclohexyl ) 3 BO2 - 

C10H16 



IHH3/CI 

(M+H) 



647.3 



657 . 4 



638.4 



670.4 



607.4 



665.5 



684 



617 



705 



647 



HH3/CI I 760.4 I 760 



657 



638 



670 



607 



665.4 



651.5 651.2 



666.5 



666.4 




707.4 



it 
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H- Pro - (D) - Phe - Pro ♦ |NH3 /ci 

boroGly [ {C3H2 ) 3 " OCH3 1 - Ci oHig | <m+H) 



623.3 



623 



Additional 
5 the scope of the 



of compounds ijicluded within 
current -inventicm are found in Table 2. 



Table 2 



CH 

I 



I 




Y2 



( 



10 



15 



20 



R^- [Ala- 



146 Ac- (D) Phe-Pro 



147 Ac- (D)Phe'Pro 



148 Ac- (D) axe-Pro 



^ >-C(NH)NH2 



CH2NH2 




-CxoHlS 



-CioHxs 



r2 



H 



Examples 9ap9 9;ioo.nDi represent SEP ID 
ID HQ;2; SEP ID WQ:3 A MD SEQ ID M0i4 resngfT^^.^^^ y 



Utility 

N-Acyl and N-peptide boronic acids aad amino acids 
which are described in the present invention represent a 
novel class of potent inhibitor's of trypsin- lUce 
enzymes . Trypsin-.liJce enzymes are a groi^ of proteases 
which hydrolyzed peptide bonds at basic residues 
liberating either a G- terminal arglnyl or lysyl residue. 
Among these are enzymes of the blood coagulation and 
fibrinolytic system required for hemostasis. They are 



f 



108 



Factors II, X, VII, IX, Xll, kallikrein, tissue 
plasminogen activators, urokinase -like plasminogen 
activator, and plasmin. Enzymes of the coii5,lement 
systems acrosiB-(r.e_qui red for f ertili zati^^ pancreatic 
trypsin are also in this group. Elevated levels of. 
proteolysis by these proteases can result in disease 
states. For example, consumptive coagulopathy, a 
condition marked by a decrease in the blood levels of 
enzymes of both the coagulation system, the f ibrxnolytic 
system and accompanying protease inhibitors is often 

_ . ^i-.- "K^ » svothetic inhibitor would 



clear iy be valuab^^ More specifically, proteolysis by 
thro«^in is required for blood clotting. Inhibition of 
thrombin results in an effective ^^^^^^^^^^l^";^^ , 
clotting. The in«>ortance of an ef f ectxve inhibxtor of 
thrombin is underscored by the observation that 
conventional anticoagulants such as heparin (and its 
complex with the protein inhibitor, antithrombxn III) 
are ineffective in blocking arterial thrombosis 
associated with myocardial infractions and other 
clotting disorders. However, a low molecular weight 
thrombin inhibitor, containing a different 
functionality, was effective in blocking arterial 
thrombosis iHanson and Barker (1988) Proc. l^atl. Acad 
Sci,U,S.A, 85,-3184-31881. Therefore, we have chosen 
to demonstrate utility of compounds in the inhibition of 
thrombin, both as in buffered solutions and in plasma, 
specifically, the compounds have utility as drugs for 
Se treatment of diseases arising from elevated thr^xn 
activity such as i^cardial infarction, and as reagents 
used as anticoagulants in the processing of blood to 
plasma for diagnostic and other commercial purposes. 

Coi^pounds of the present invention are expected to 
be effective in the control of aberrant proteolysis and 
a number of accompanying disease states such as 
inflammation, pancretitis, and heritaxy angioedema. 
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The effectiveness of- icompoun<is of the present 
invention as inhibitors of blood coagulation proteases 
was determined using purified human proteases and 

. - synthetic-subs trates-fol-lowing-procedures-s-iinilar to" 
5 those described in Kettner et al. (1.930), 

For these assays, the rate of enzymatic (thrombin. 
Factor xa, and Factor Vila) hydrolysis of chromogenic 
substrates {S2238 (H-D-Phe-Pip-Arg-pMA) , S2222, and 
S2288, respectively; Kabi Pharmacia, Franklin, OH) was 
measured both in the absence and presence of compounds 
of the present invention. Hydrolysis of the substrate 
resulted in the release of pRA, which was monitored 
spectrophotometrically by measuring the increase in ( ' ' 
absorbance at 405 nM. a decrease in the rate of 
absorbance change at 405 nm in the presence of inhibitor 
is indicative of enzyme inhibition. The results of this 
assay are eaqpressed as inhibitory constant, Ki. v 

Thrombin and Xa determinations were made in o.io M 
sodium phosphate buffer, pH 7.S, containing 0.20 M Naci, 
20 and 0.5 % PEG 8000. Vila determinations were made in 

0.05 M tris buffer, pH 7.6, containing 0.10 H NaCl, 4 mM 
CaCl2, and 0.1% bovine serum albumin. The Michaelis 
constant. Km, for substrate hydrolysis was determined at 
25 "c using the method of Lineweaver and Burk. 

Values of Ki were determined by allowing 0.2 - 0.5 ' ' 
nM human thrombin or human factor Xa (Enzyme Research 
Laboratories, South Bend, in) , or 50 nM human factor 
Vila CBiosPacific, Emeryville, CA) react with the 



15 



25 



( 



30 



35 



substrate (0.20 mM - i mM) in the presence of inhibitor 
Reactions were allowed to go for 30 minutes and the ' 
velocities (rate of absorbance change vs time) were 
measured in the time frame of 25-30 minutes. The 
following relationship was used to calculate Ki values. 

vo-vs I 

■^S Ki (1 + S/Kin) 
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vo is the velocity of tiie control in tlxe 

^inliibitor? 
vs is the 



absence of 




in the presence of i 
I is the concentration of inhibitor; 
Ki is the dissociation constant of the 

inhibitor complex; 
S is the concentration of substrate; 
10 Km is the Michaelis constant. 

using the methodology described above, representative 
compounds of this invention were evaluated and found to 
exhibit a Ki of less 500 pM thereby confirming the 
15 utility of compounds of the invention as effective 

inhibitors of human blood coagulation proteases. The 
results of these assays are summarized in Table 3, where 
indicates a Ki < 500 nM; indicates a Ki < 50,000 
* indicates a Ki 500,000 < nM; - indicates inactive; 
20 and NT indicates Not Tested. 

3. Ki values for inhibition of Serine 
by conqpounds of the present invention. 

I 

icso 

Thrombin time 



EX NO. Thrombin Factor Xa Factor 



Vila 



sx « 



Factor VZIA 
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• 


39 




1 +4- + 

I 


+++ 




40 


+++ 


j +++ 


+++ 




41 


+++ 




NT 




4 2~ 


r^^'ir 


.L_ NT 


NT 




43 




(.. NT 


NT 




44 




1 NT 


NT 




45 


+ + ♦ 


NT 


NT 




1 46 


+ + + 


NT 


NT 




47 


1 


NT 


NT 




48 


+ + + 




+++ 




49 




NT 


NT 




50 




NT 


NT 




51 


+ + + . 1 


NT 


NT 




52 


+ + '4* 1 


I NT 


NT 




1 


+ + 1 


NT 


NT 




1 54 


+ ^4- j 


NT 


NT 




55' 


+++ 1 

J ml 


NT 


NT 




, 56 




NT 


NT 


1 


57 


+ ++ j 


NT 


NT 




58 

t 


+ ++ j 


NT 


NT 


j 


5d 




NT 


NT 


• 1 


6 0 




NT 


NT 


1 


61 


+ + + 1 


NT 


NT 




6 2 


•f + + 1 


NT 


NT 


1 


63 


+ + + 


NT 


NT 




64 


++ + 


NT 


NT 




65 

» 


++ + 


NT 


NT 




66 


+ + + 


NT 


NT 




67 




NT 


NT 




68 


++ + 


NT 


NT 
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1 


126 1 


1 


MT 1 


NT 




127 


4-44- 


NT 1 


NT 




128 


4- + + 1 


NT 1 


NT 




129 


I -IL^ 1 I L_ ■ 


NT :[ 


—NT'— 




130 


4- + + 1 


NT 


NT 




135 


4- + 4' 


NT 


NT 




136 1 


1 4-4-4- 


++ 


++ 


1 


137 




1 NT 


1 NT 
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4- 4- 4- 


NT 1 


laT 




139 


4-4-4* 


NT 1 


NT 




140 

1 « 




NT 


++ 




141 


+ 4- + 


1 + + 






1 ^ 

142 


4-4-4- 


j NT 


NT 




1 143 


+ + + 


NT 


1 NT 




144 


4-4-4 ^ 


NT 


1 NT 




1 145 


4-4' + 

1 ^^^^^^^^ 


NT 


J NT 
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■»»'» 


NT 


J NT 
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15 



of data for compounds of the present 
invenrionr^i^les 3, 7, 9, IX, ana 12 increased 
thrombin clotting times 2-foId at 0.25. <0.075. O.IO, 
0.60, and 0.B5 HM, respectively. 

The effectiveness of compounds of the present 

mil ants in vivo was demonstrated by 
invention as anticoagulants xn vivu ,^„^4„ 

.4.,'r,r, «f the activated partial thromboplastin 
the prolongation ot tne act-j-vc 

time o£ samples of blooa taken from conscious dogs or 
anesthetizea rats aftar aither.oral or intravenous 
administration at "doses of compounds from OS to 10 

arterial or v««,us blood was witMravm by 
^inge and mixed with 1/10 volume 3.2% sodium citrate. 
pILma was obtained after centrifugation and a standard 
clinical activated partial thromboplastin time (APTT 
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10 



^o,, St. Louis, Mo.) determined 
at 37 c xa a foiroiaeter. Results from blood san^jles 
obtaxned at various times ^af ter dosing showed an 

- ef f ective-ant-icoagulant-response-wMch was at least 
eiiuivalent to doubling of activated partial 

thromboplastin time as con5>ared to the value obtained 
prior to dosing, m this model. Examples 4, 57, and 77 
were shown to be effective following i.v. dosing and 
Exan5,le8 4, 56, 57, 60, and 56 effective following oral 
dosing. Similarly, oral administration of Examples 31 
and 54 resulted in at least a 2-fold elevation in 
anticoagulant activity in an identical model except 
activity was measured by increases in thrombin clotting < 

times . ^ 



( 
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ggQUENCE USTINQ 



10 



(1) GENERAL INFORMATION: 

(i) - APPLICANT : Sheng-Lian O. Le» 

John Matthew Fevig 
Charles Adrian Kettner 
David L Carini 

(ii) TITLE OF INVENTION: Amidino and Guanidino 
Substituted BoronIc Acid Inhibitors of Trypsin Uke Enzymes 



15 



20 



25 



30 



35 



(iii) NUMBER OF SEQUENCES 4 

fiv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: The Du Pont Mercic Pharmaceutical 

Company 

(B) STREET: 1007 Market Street, Legal Department 

(C) CITY: Wilmington 

(D) STATE: EE 

(E) COUNTRY: U.a 

(F) ZIP: 19898 

(V) COMPUTER READABUE FORM: 

/A\ MEDIUM TYPE: 3.50 inch disk 




(B) COMPUTER: Apple 

(C) OPERATING SYSTEM: Apple Macintosh 

(D) SOFTWARE: Microsoft Word 

...» " 

(vi) CURRENT APPUCATION DATA: 

(A) APPUCATION NUMBER: 08/062.835 

(B) RUNG DATE: _ 

(C) CLASSIFICATION: unknown 

(vii) PRIOR APPUCATION DATA: None 
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(vili) ATTORNEY/AQEMT IMIFORMATtON; 

(A) NAME: Reinertp Norbert, F. 

(B) REGISTRATION NUIIWBER: 18.926 

(e)RH?ERENeEfl30CKEr NUMBER;— DM-6S67-A 

5 

(ix) TELECOMMUNICATION BNFORMATION: 

(A) TELEPHONE: 302-892-8867 

(B) TELEFAX: ' 302-892-8536 

10 (2) INFORMATION FOR SEQ ID NO:1: 

(i) SEQUENCE CHARACTERISnCS: 

(A) LENGTH: 12 • 

(B) VfJPB amino acids ( 

(C) TDPOIXXSY: llnaar 

15 (h) MOLECULAR TTPE: peptide 

(vl) ORIGINAL SOURCE synthetic 
(ix) FEATURE 

(D) OTHER INFORMATION: Example Numi>er 98 

at page 36 and within Table 1 



20 



25 



(xi) SEQUENCE DESCRIPTION: SEQIDN0:1: 

2aa xaa &sa leu Xaa Aan ^feu Zaa Jkan lieu Zaa Hsn 
^ 5 10 



(2) INFORMATION FOR SEQ ID MO:2: 

(i) SEQUENCE CHARAGTERISnCS: 

(A) LENGTH 1 2 

(B) TyPE: amino adds 
30 (C) TOPOLOGY: linear 

( i i ) MOLECULAR TYPE: peptide 
(vl) ORIGINAL SOURCE: synthetic 
(ix) FEATURE: 

(D) OTHER INF0F»«AT10N: Example Number 9 

at page 36 and within Table 1 



( 



35 
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(xl) SEQUENCE DESCRIPTION: SEQID N02: 

Leu Xaa M teu Xaa M Leu Xaa Jlan Leu Xaa JlBU 



(3) INFORMATION FOR SEQ ID N0:3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 1 2 

(B) TYPE: amino acids 

(C) TOPOLDQY: linear 

(ii) MOUECULARTYPE: peptide 
(vl) ORIGINAL SOURCE: synthetic 

(Ix) FEATURE: ^ ^ 

(D) OTHER INFORMATION: Example Number 100 

at page 36 and within Table 1 

(xi) SEQUENCE DESCRIPndN: SEQIDNOS: 

■ 

Ser ABU Leu Ser Aen Leu fler Aau Leu Ser Asn 

c 10 
20 1 ^ 

(3) INFORMATION FOR SEQ ID NO:4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) IB«3TH: 12 

(B) TYPE: .amino acids 

(C) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: peptide 
(vi) ORIGINAL SOURCE synthetic 

(ix) FEATURE: 

(b) OTHER INFORMATION: Example Number 101 

at page 36 and within Table 1 



25 



30 



(Xi) SEQUENCE DESCRIPnON: SEQIDNO:4: 
Leu ser Abu Leu Ser Asa Leu Ser Abu Leu Ser Abu 
35 1 ^ 
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Wl?at is Claimed is: 



!• A compound of fomrula (i) 




wherein 
B is 

a) -BY^yZ^ 

C) -C(«0)OR*, 
<3) -C(=0)imi5Rl6, 

e) -C(=0)R*, or 

f) -C(=0)COOR«; 

15 

and y2 are 

a) -OH, 

b) -F. 

c) -mr^rS, 

d) Ci-Cg alkoxy, or 

when tak«i together yi and y2 form: 

said chain or rii^ 
contains from 2, to 20 carbon atoms and, 
optionally, i-3 heteroatoms which can be N, s, 
25 or O, 

f ) a cyclic: boron am;Lde where said chain or ring 

contains from 2 to 20' carbon atoms and, 

optionally, 1-3 heteroatoms which can be N, s, 
or O, 

g) a cyclic boron amide -ester where said chain or 
ring contains from 2 to 20 carbon atoms and. 



20 



30 



( 



{ 
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optionally, 1-3 heteroatoms which can be N, S, 
or O? 



y3~and"Y*"are- 
5 a) -OH, 

b) -H, Ot 

c) -F; 



15 



,0 a, ci-cii-alksrx is cnptionally substituted wxth -CH, 

.Or2, -C(SS)HBe6, .MHC(MH)MHE6, .SC(HB)tIHR6, 
• HHCnnHBBOH, -»BCmH>HHC(0)R6, -lIHS(0)rR*. 
-»HC(0)HHR*. -BBC<0)It*. -KHC(O) CH(OH) K*, -BHCC^MCN)- 

srS -mbc(=hc»)hbr6, -OSHRS, -IIHC(-MRS)H, 

-«HC(=HCmSBC(0)R6, -(»iaC(0>B6, -SBC(=NC(0)r6)H, 
-OHHC (=»C») HBC (0) rS , - ONHC (-MB) BHC (O) R^, 
-0SHC(=1IC<0)r6)H, -C(I1B)H«C(0)OR«, 
.BHC(«B)BBC(0)OB«, -SCCBH)HHC(O)0rS, ^ 
-SHC(=»a.)»HC(0)OR«. -0MHC<0)0R6, -HHC(=«C(0)0r6)H, 
-ONHC(=Ha»)I«CtO)OR6, -CWHC (-NH> NHC < O) ORS , 
.rCO.OR^ -»HC(»H)».C(0,OR«, or -0KHC(^C(0,0r6,H 



20 



25 



b) 

-(CH2)q 




(CH2)pX 




; cr 
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a) halogen (P, ci, Br, I) 

b) -CN, 
5 c) -11O2, 

d) -CF3, 

e) -MH2 •' 

f) -1JHC{KH)H, 

g) 'JmC (UH) HHOH, 

h) -WHC{NH)NHaf, 

i) -MHC(HH)MHH.6, 

j) -nhc(mh)hhcorS, 

k) -C(MH}NHR6, 

1) -c{nh)mhcor€» 

15 m) -C(0)MHR2, 

n) -C02R2, 

O) -Or2, 

p) -OCP3, 

Q) -sc(nh)mhr6, 

20 r) -NHS(0)rR*, 

S) -MaC(0)MHR*, 
t) -MHCCOR*, r 
u) -MHC(0)CH(0H)r4, 
v) -HHC{«NCaT) -SR6, 
25 w) -MHC (=KCN) MHR^ , 

X) -NHC(»liR6)H, 
y) -0KHR6, 
Z) -0MHC{»NCW)NHr6, 

aa) -ohhc(=ijh)khr6, 

30 ab)" -0NHC(=!1H)H, 



( 
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ac) -ONHC(=NR^)Hr or 

ad) -ONHC(=MH)HHOH; 
Y is =0, «NOH, or =N-NHC(=0)H; 

_r2 is 

a) H, 

b) optionally substituted Cl-C12-allcyl, 

c) optionally stibstituted cycloallcyl, 

d) optionally substituted aryl, where aryl is phenyl 
or napthyl, or 

e) optionally substituted -Cl-C4-allcylaryl, where 
aryl is defined above; 

where the groups Cl-ci2-allcyl, cycloalkyl, and -Ci- 
C4-alkylaryl optionally contain in- chain heteroatoms 
(O, S) and the groups CI rC12-alJcyl, cycloalKyl, 
aryl. and -Cl-C4"alJcylaryl are optionally 
substituted with one or two substituents selected 
from the group^ consisting of: 

halo (F, Cl, Br, I), Cl-C4-allcyl, Cl-C4-alkoxy, 

-N02» -CF3, -S(0)r-Cl-C4-alfcyl, -OH, -HH2» 
-NH{Cl-C4-alkyl), -N(Cl-C4-alkyl) 2, or -C02R4; 
r3 is H, alkyl, aryl, alkylaryl, -S(0)r-R'. -C{=0)r', 

-C(=p)0R7, -P(0)20R7 or any other NHz blocki.ng group 
comprised of 1-20 carbon atoms; 
25 R'* and R^ are independently: 

a) hydrogen, 

b) Ci-C« alJcyl, 

c) -(C1-C4 alkyl) -aryl, or 

d) C5-C7 cycloallcyl; 

30 R^ is 

a) H, 

b) Cl-C4-allcyl, 

c) aryl, wherein aryl is phenyl or napthyl 
optionally substituted with one or two substituents 

35 selected from the group consisting of: 



20 
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halo (P, CI, Br, I), Cl-C4-allsyl, C1-C7 -alkoscy, 
-WO2, 'CF3, -S{0)r-Ci-C4-alkyl, -OH, -mi2, 
-lJH(Cl-C4-alkyi), -N(Cl-C4-al}Qrl)2, and -COaR*; 



5 d) -Cl-C4-alkylaryl, where aryl is as defined above; 

r7 is 

a) H, 

b) Cl-C4-all«yl# 

c) aryl, wherein aryl is phei^l or. napthyl 

10 optionally substituted with one or two substituents 

selected from the group consisting of: 

halo, ci-C4-alkyl, Ci-C7-alkoxy, -NO2, -CP3, 

-S(0)r-Cl-C4-alkyl, -0H> -NH2/ -NH(C1-C4- ( 
alkyl), -K(Cl-C4.-alkyl)2, and -CO2R*: or 
15 d) -Cl-C4-alkylaryl, where aryl is as defined above; 

R" is t 

a) hydrogen 

b) halogen, 

c) Ci-C4 alkyl, 
20 d) C1-C4 a^lcoxy, 

e) methylenedioxy, 

f> -NO2, 

g) -CF3, 

h) -SH, , ■ 
25 i) -SCOr-CCi-C^ alkyl)> 

j) -cw, ( 

k) -OH, 
1) -MH2r 

m) -llH(Ci-C4 alJsyl), 
30 n) -N(Ci-C4 alkyl)2, 

O) -KHC(=0>R*, or 

P) - (CH2)p-C02R*; 

Ri4 

35 a) 'CP3, 

b) 
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C) -CH2F, 

d) - 

e) «C{=0)OR*, 

_f.)_^-.C-(?^0).NR^R^lr. 

g) -C(«0)R*, 

h) -C(=O)CO0R*; 

i) -CC^OCC^OjNRiSRlS, 

j) 'C(*O)C<=0)R* ♦ 
IC) -cy3Y*C00R*, . 

1) -af3Y*c(=o>iiR^5R^^r 

n) - 
o) 




15 P) 




or 



q) heterocycle? 



9 

r15 ana R^^ are independently: 




20 a) 

b) Ca-C4 allcylf 

c) - (C1-C4 alkyl) -aryl» 

d) C5-C7 cycloallqrl* 

e) phenyl, optionally sojbstltuted by R"; 



25 



Ri5 and r1« can be taken together to form a ring 
a) 




:-N w 




W is 

30 a) > 
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b) -S(0)r-, 

c) -(CH2)a-/ 

d) -MR*-, 

e) ~a -l)ona7"6r " 

5 f) -NC(=0)r4-; 

A is an ainiao acid residue or a peptide comprised of 2- 

20 amino acid residues; 
n is 0 or 1; 

P is 0 to 3; 

10 q is 0 to 4; 

r is 0 to 2; 

and pharmaceutically acceptable salts thereof, with the 
proviso that when r1 is aliphatic, the R« substituent oi 



15 



20 



25 



■■■■■\ 



-MHC{MH)NHrS cannot be H. 



2. A compound of Claim i wherein: 
R^ is 



a) Cl-ci2-alkyl is optionally substituted with -or2 

-C(HH)IJHr6, ^HHC(MH)H, -MHC(KH)NHr6, -MHC(HH)HH0H 
-HHS{0)rR*, -HHC(0)NHR4, ^NHC(0)R4, -NHC(O) CH<0H) r4, 
-HHC(=NCN)-SR6, -HHC(«NCN>1JHr6, -ONHRS, -HHC{=Hr6)h! 
-0NHC{=NCN)I1Hr6, -0NHC(«MH)NHr6, -0NHC{=11H)H, 
-ONHC(=NrS)h, or -0I1HC(=HH)Nh6h; 



b) 




(CH2)pX 



c) 




t or 
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d} 




X is 



10 



15 



20 



25 
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a) halogen {F, CI, Br 

b) -as, 

c) "N02# 

d) 'CF3, 

e) -NH2 

f) -1JHC{NH>H, 

g) -NHC(NH>NHOH, 
h.) -MHC(l!lH)IJHCN>.i 
i) -MHC (NH) HHR^ , 
j) -C(NH>NHRS' 

Jc) 'C(0)HHR2,. 

1) -C02R2r 

xn) -0R2, 

n). -QCF3* , 

o) -SC(»H)NHR^/ 

p) -NHS(0>rR** 

q) -HHC(0)NHR4, 

r) -NHC{0)R^, 

S) -NHC(0)CH(OH)R*, 

t) -KHC(=NCN)NHR6, 

« * 

u) -nhc(=nr6)h, 

v) - 0KHR6 , 

w) -ONHC(=NCN)NHR^, 

x) - ONHC (=MH) HHRS , 

y) -OHHC(=NH)H, 

z) -OHHC(=NR^)H, or 

aa> -ONHC{=NH)HHOH; 



X5 



is: 

a) -CFa, 

b) -C3£F2/ 
-C)---CH2F.,- 

d) -C(=0)OR*, 

f) -C(=0)R*, 

g) 




10 h) 




N 



i) heterocycle; 
and all other substituents are as defined in 

3. A compound of Claim 2 wherein: 
and are -OH; 
i 



a) Cl*Cl2-allcyl is optionally substituted with -0R2, 

20 -C(NH)NHr6, -HHC(iaH)H, -MHC(MH) MHR^, -iaHS(0)rR*, 

-MHC(0)1IHR4, -NHC{0)r4, -HHC(0)CH(0H)r4, -NHC(«NCN)- 
SrS, -MHC(=1ICN)1JHR^, -OHHR6, or -01JHC(=NH)NHR6; ^ 

b) 

-(CH2)q 




9 



25 c) 
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d) 




Y . 

X is 

a) halogen (Br) 



10 



20 



b) - 


CNr 


c) - 


NH2 


d) - 


HHC(NH>H, 


e) - 


l!lHC.(HH)NHR^r 


f) ' 


C(NH)NHR^' 


g) • 


.C{0>NHR2, 


h) ■ 




i) - 


■•0R^» 03C" 


j) 


-HHC(=NR^)H; 


Ri* is: 




a) 


-CP3, 


to) 


-CHF2» 


c) 


-CH2P» 


d) 


- C (=0) OR* , 


e) 




f) 





g) 
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N 



li)— heterocycie 



9 



10 



15 



20 



• 

all other substituents are as defined ±a claim 2 , 



4. A cos^und of Claim 3 
E is -BYiy2. 

and y2 are 

a) -OH, 

when taken together and y2 form: 

b) a cyclic boron ester where said chain 

contains from 2 to 20 carbon atoms 
optionally, 1-3 heteroatoms which 
or O; 
and y* are -OH; 



rxng 



can be N, s. 



a) Cl-C12-alJcyl is optionally 
-C(1JH)MHR6, -KHC{KH)H, -ijhc(nh)mhr6, 

-omhc(=nh)khr6. 

b) 



(CH2)pX 



with 



* 0I1HR6 , or 




c) 




» or 



d) 
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(CH2)q 




X is 



a) 


-CN, 


c) 


-HH2 


5 d} 


-NHC(NH)H, 


e) 


-ijhc(iik)nhr6, 


f) 


-C(NH)NHR6# , 


g) 


-C(0)NHR2, 




* 


10 i) 


-0R2, or 


3) 




Y is s=C 





and all 



other substituents are as defined in Claim 3 



20 
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5. A coiRPOund Of Claim 4 where n is 0. 

6. A confound of Claim 4 where [A] is comprised 
independently of amino acid residues in the D or l. 
configuration selected from the group consisting of Ala, 
Arg, Asn, Asp, Aze, Cys, Gin, Glu, Gly. His, HomoLys, 
lie. Leu, Lys, Met,. Om, Phe/ Phe(4-fluoro) , Pro, Ser, 
Thr, Trp, Tyr, and Val. 

7 . A cornpound of Claim 6 where [A] is comprised of 
either Pro or (D)Phe-Pro. 

8. A confound of Claim 4 selected from the group 
consisting of : 

AC- (D)Phe-Pro-HH-CHl(CH2)4CW]B02-CxoHx6# 

AC- (D> Phe-Pro-SHCH[ (CH2) 4C(HH)HH23B02-Cioai6, 
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Ac- (D) Phe-Pro-NHCH I (CH2 ) 3 -HHC (HH) H] B (OH) 2 , 
BOC- (D) Phe-Pro-NHC3J I (CH2 ) 3 -HHC (MH) H] B (OH) 2 , . 

• Ac - (D) Pbe - Pro - boroPhe [in -C (HH) IJH2 3 - CioHig . 
— . "Ac --(D) Phe^Pi:d-=b©rOPto-{ an -CH2NH2 )~C^^ 

• Ac- (D) Phe-Pro-boroPhe (jn-Br) -CioHig, 

• Ac- (D)Phe-Pro-boroPlie(p-aT) -CioHis, 

• BOC- (D) Phe-Pro-boroPhe (m-CN) -CioHig , 

• AC- (D)Plie-Pro-boroArg{CN} -CioHis, 

• N,N- (CH3) 2- (D) Phe-Pro-boroPhe(m-ai) -0H«HC1, 

• Ac- (D)Phe-Pro-boroPhe(in-CW) -0H*HC1, 

• Ms- (D) Phe-Pro-boroPhe (TO-CNr) -0H«HC1, 

• Boc- (D) •Ehiazolylalanine-Pro-boroPhe (m- car) -CioHie , 

• Boc - (D) 3 - Pyridylalanine - Pro -boroPhe (m- CN) - CioHig , 

• Ms - (D) 3 - Pyridylalaoine - Pro-boroPhe (m- CN) • CioHie , 

• Boc- (D) 2 -Pyridylalanine* Pro -boroPhe (m-cai) - CioHig , 

• Boc- (D) 2-Thienylalanine-Pro-boroPhe(in-C3J> -CioHig, 

• Ms - (D) 2 -Thienylalanine- Pro -boroPhe (m-cai) -CioHi6# 

• Boc- (D) Phe-Aze-boroPhe (m-CM) CioHig, 

• Hydrociimamoyl-Pro-borolrg(CH3) -OH»HBr, 

• Ac- (D) Phe-Pro-boroArg (CH3) -OH»HCl, 

• PhCH2S02 - (D) Phe- Pro-bofoOrn (CH=HH) - 0H»HC1 , 
CH3CH2CH2SO2 - (D) Phe-Pro-boroOm{CH=MH) -OH^HCl, 

• CH3CH2CH2SO2- (D) Phe-Pro-boroArgCCH3) -0H«HC1, 
? Ac- (D) Phe- Sar-borbOra {CH=iaH) - 0H»HC1, 

• Boc- (D)Phe-Sar-boroPhe(mClI) -C10H16, 

• Boc- (D}Phe-Aze-boroOm'(CH=llH) -OH«HCl, 

• 4 - ( Phenyl ) benzoyl - borbOm ( CH=NH) - Ci qHi g •HCl , 

• Ac- (D)Phe-Pro-boroOm(CH=NH)] -CioHi6*HCl, 
Boc-Pro-boroOm (CH«NH) - CiqHis •HCl , 

Boc- {D)Phe-Pro-boroOm(CH=HH) ] -CioHig'O.S HC1»0.5 
BSA, 

H-{D)Phe-Pro-boroOm(C3J=HH)] -CioHi6«o.5 HCl-0.5 
BSA, 

H- (D) Phe-Pro-boroOm (CH=NH) ] -OH-0 . 65 HCl- 0 . 35 BSA, 
► H-boroPhe(mCM) -CioHi6»HCl, 

• Ac - (D) Phe - Pro -boroPhs"- (m- CM) - Ci qHi g , 

» I 
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H- (D) Phe-Pro-boroPhe- (m-CN) -CioHis-HCl, 
H- (D) Pbe-Pro-boroPhe- (m-CN) -OH»HCl, 

K,N- (CH3)2- (D) Pbe-Pro-boroPhe- (m-CN) -OH-HCl (ISOMER 

-I)., - _ 

AC- (D)Pbe-Pro-boroPhe- {P-CH2NH2) -CioHi6' BSA/ 

AC- (D)Phe-Pro-boroPlie- (p-C(NH)HH2) -CioHie- BSA, 
N-CH3- (D)Pbe-Pro-boroPhe- (m-CK) -CxoHi6-HCl, 
H-Pro-boroPhe- (m-CN) -CioHi6*HCl, 
H- (D) Thiazolylalanine-Pro-boroPhe- (m-CN) - 

CioHiS'HCl, 

H- (D)3-Pyridylalanine-Pro-boroPlie- (m-CN) -C10H16 
•HCl, 

MS - (D)Thiazolylalanine-Pro-boroPbe- (m-CN) -CioHi6» 
II-B0C-N-CH3' (p)Phe-Prp-boroPhe- (m-CN) -CioHie. 
Ac-Pro-boroPher (m-CN) -CioHis, 

H- (D) 2-Pyridylalanine-Pro-boroPhe- (m-CN) -CxoHis 
•HCl., 

H- (D) 2-Thienylalanine-Pro-boraPhe- (m-CN) - 
CioHi6»HCl, 

MS- (D) 2TPyri<iylalanine-Pro-boroPbe- (m-CN) -CioHi6» 
(2-Pyrimidylthio)acetyl-Pro-boroPbe- (m-CN) -C10H16, 

trans-3- (3-pyridyl)acryl-Pro-boroPhe- (m-CN) -C10H16. 
(4 -pyridylthio) acetyl- Pro -boroPhe- (m-CN) -CioHi6» 

Succinyl- (D)Pbe-Pro-boroPhe- (m-CN) -OH, 
3-Pyridylpropionyl-Pro-boroPhe- (m-CN) -C10H16/ 

Boc- (D)Plie«^Aze-boroPhe- (m-CH) -C10H16. 
H- (D) Phe-Aze-boroPhe- (m-CN) ~C,ioHi6«HCl, 
Hydrocinnamoyl-Pro-boroOrn(CH=HH) 1 OH-BSA. 
Hydrocimiam6yX-Pro-borolrg(CH2CH=:CH2)-OH. HBr, 

Hydrocinnamoyl -ProboroGly t,(CH2) 4-NH-Acetyll C10H16 , 
Cbz- (D)Pha-Pro-borolrg(CH3) -C10H16 • HBr, 
Ac-(D)Pbe-Pro-boroIrg(CH3)-OH • HBr, 
HydrociJjnamoyl-Pro-boroIrg(CH2CH3)-0H • 

AC'(D)Pbe-Pro-boroArg(CH3)-bH • HCl, 
Hydrocimiamoyl-Pro-boroArg(CH3)-OH • HCl, 

MS- (D) Phe-Pro-boroArg(CH3) -OH- HCl, 
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MS' {D)Phe'Pro>boroOm(CBB^) -OH • Bca, 
PhS02- (D)Plie-Pro-boroArg(CH3) -OH • HCl, 
PhS02- (D)P]ie-Pro-boroOrn(CH=Iia) -OH • HCl, 

Ms- (D) Phe (4 -f luoro) - Pro-boroOrn (CH=NH) -OH o-HCi , 
PhCH2S02- (I»Phe*Pro-boroAr9(CH3) -OB • HCl, 

PI1CH2SO2- (D)Plxe-Pro-boroOm{CH=MH) -OH • HCl, 
CH3CH2CH2SO2- (D)Phe-Pro-boroOm(CH«»H) -OH • HCl, 
CH3CH2CH2SO2- (D)Phe-Pro-boroArg(CH3) -OH • HCl, 
CH3 {CH2 ) 3SO2 - (D) Phe-Pro-boroArg (CH3 ) -OH • HCl, 

CH3 (CH2)3S02- (D)Phe-Pro-boroOm(CH=lIH) -OH • HCl, 

Z- {0)Phe-Pro-boroOra(CH=]!]H) -OH-HCl, 

Boc- (D)Phe-Pro-boroGly[ (CH2) 3-ONH2] -OH-HCl, 

PhCH2S02- (D) Phe-Pro-boroGly [ (CH2} 3-OKH2I - 

CioHis-HCl, 

Boc- (D) Phe- Pro-boroGly [ (CH2 ) 3 -ONHC (=IIH) HH23 " 
CioHiS'HCl, 

Boc- (D)Phe-Pro-boroOm- [C (HOT) NHCH3] -CioHig, 
HOOCCH2- (D)Phe-Pro-boroOmCC(NCH)NHCH3] -CioHxg-HCl, 
Boc- (D) Phe-Pro-boroO£n[C(I7CN} SCH3] -CiqHis, 
Boc- (D) Pher Pro-boro0ra(com2 > -CioHis, / 
H- (D)Pbe-Pr6-boroOm(CO£3H2) -CioHig-HCl, 
PhCH2S0:^ - (D) Pbe- Pro -borbOm < CONH2 ) - CioHig , 
HOOCCH2 - (D) Phe- Pro-boroorn (CONH2 ) - CiqHis • HCl , 
Boc- (D>Phe-Pr6-boroOm{COCH20H) -C10H16, 
Boc- (D)Phe-Pro-boroOrn(N-Methauaesiilfonyl) -CiqHic, 
H- (D)Phe-Pro-boroOm(M-Methanesul£onyl) -CioHig-HCl, 

4- (W- Acetyl) Aailinesuifonyl- (D) Phe-Pro-boroOm<N- 
Methanesulfonyl) -CxqHis, 

Methanesulf onyl - (D) Phe-Pro-boroOm(II- 
Methanesulfonyl) -CioHis* 

liI,N-dimetbyl- (D) Phe-Pro-boroOm- (N- 
Methanesulfonyl) -CioHig-HCl, 

Ac-Gly- (D) Phe- Pro-borbOra(ll-Methanesulf onyl) - 

HOOCCH2- (D) Phe- Pro-boroOmiN-Metbanesizlf onyl) - 
CloHlS'HCl, 
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• phCH2S02 - (D) phe- Pro-boroOm (NrMethanesulf oayl) - 
C10H16, 

Boc- (D) Phe-Pro-boroGlyl (CH2) 3 -00312(313] -CioHiSr 
, Bpc- (D) Phe- Pro -boroGly t (CH2 ) 3 " CN] - C10H16 , 

• Boc- (D)Phe-Pro-boroOm(COCH3) -CioHii; 

• AC- (D) Phe-Pro-»H- C3I £CH2 (4-ainino-cycloliexyl) 1 BO2 - 

C10H16 » 

Boc- (D) Phe- Pro-NH-CH tCH2 (4-amino-cyclohexyl) ] BO2 - 
CioHl6r 

Hoc- (D) phe-Pro-NH-CH[4-aiiiino-cyclohexylJ B02-CioHi6r 
Boc -CD) Phe - Pro -NH - CH (CH2 ( 4 - hydoxy- cyclohexyl ) ] BO2 - 
C10H16, 

BOC- (D) Phe- Pro-MH- CH [CH2 (4-9uanidijao- 
cyclobexyl) 1 Bp2 - C10H16 / 
Boc- (D) Phe- Pro- (fi) Phe (jnOl) -OMe, 
Boc- (D) Phe- Pro- iS) Phe (jdCN) -OMe, 

• BOC - Pro- IS) Phe ( JoCK) - OMe , 

• Boc - Pro - Phe (mCN) - OH, 

• B6c-Pro-Phe(jnC2l) -M(Me) -one, 
Boc-Pro-Phe(jnCai> -C(0Et)=CH2, and 

• H- (D) phe-Pro-boroPhe (jnCOOMe) - CioHis •HCl » 

, ■ ■ 

9. A phaxinaceutical coniposition comprising a 
pharmaceutically suitable carrier and a therpeutically 
effective amount of a compound of Claim 1. 

10. A phaimaceutical composition comprising a 
pharmaceutically suitable carrier and a therpeutically 
effective amount of a compound of Claim 2. 

11. A pharmaceutical composition contprising a 
pharmaceutically suitable carrier and a therpeutically 
effective amount of a con^joxmd of Claim 3. 
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12- A pharmaceutical composition comprising a 
pharmaceutically sxiitable carrier and a theipeutically 
effective amount of a confound of Claim 4, 

5 13. A pharmaceutical composition comprising a 

pharmaceutically suitable carrier and a therpeutically 
effective amoimt of a compound of Claim 5. 



25 
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14. A pharmaceutical composition comprising a 

10 pharmaceutically suitable carrier and a therpeutically 
effective amount of a confound of Claim 6, 

15. A pharmaceutical composition comprising a ( 
pharmaceutically suitable carrier and a therpeutically 

15 effective amount of a compound of Claim 7, 

16. A pharmaceutical cosiposltion comprising a 
pharmaceutically suitable carrier and a therpeutically 
effective amount of a confound of Claim 8. 

20 
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17 . A method of treating a physiological disorder in a 
warm blooded animal catalyzed by trypsin- liJce enzymes 
comprising adminitisterlng to an animal in need of such 
treatment an effective amount, of a compound of Claim l, 

18. A method of treating a physiological disorder in a 
warm blooded animal catalyzed by trypsin- like enzymes 
comprising adminitisterin^ to an animal in need of such 
treatment an effective aiodunt of a compound of Claim 2. 

< 

19 . A method of treating a physiological disorder in a 
warm blooded anJLmal catalyzed by trypsin? like enzymes 
comprising adminitisterlng to an animal in need of such 
treatment an effective amount of a compound of Claim 3. 



( 
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20. A method of treating a physiological disorder in a 
warm blooded animal catalyzed by trypsin- like enzymes 

i arimlnitistering to an animal in need of such 
comprising adminxti5teii»9 ^ ^ ^,«4„ a 

treatment an effective amount of a compound of Claim 4- 

21 A method of treating a physiological disorder in a 
warn blooded animal catalyzed by trypsin- like enzymes 
comprising adminitistering to an animal in need of such 
treatment an effective amount of a compound of Claim 5. 

22 A method of treating a physiological disorder in a 
wa^ blooded animal catalyzed by trypsin- lilce enzymes 

waitw n Ttao/^ n€ such 



aniinal 



treati^nt an etfeetive .»omit o£ a confound of claim S. 

2j A methoa of txaatlBg a pbysiologioal disorder in a 

^ bloodad animal catalyzed by trypsin- like ««vmes 

. . ./i„4nitisterina to an animal in need of such 
convrising adminitisterrng to 7 

treatment an effective amount of a compound of claim . 

24 A «etlK>a of treating a physiological disorder in a 
^ blooded animal catalyzed ^ trypsin-like enzymes 
««rising adminitistering to an animal i^'f ^Ll f 
treatment an eff-ectlve amount of a cons^und of Claim 8. 



25 



-137- 

4 



INTERNATIONAL SEARCH BIEPORT 



Intemfinonai appiwauun nv. 
PCT/US95/13702 



•1" 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC{6) :A6.1K 38/06 

According to Intermtional Patent CteMificarion (IPC) or to both nauonal cla«siftcatioa and IPC 



a> FIELDS SEARCHED 

U^. : 514/18. 17, 16; S30«3U30 
DocttmentoUooscaidied other IhaaminlnuimdwumenteUonlo the » ^ 



Elccuonic data base consulted during the International .ouch {name of daU base and. whew pniticablc. mrch tcnn« used) 
APS, CAS ONLINE 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Cat^ory* 
A, P 



Citation of document. wUh indication, where appropriate, of the relevant passaga 



Relevant to claun N'' S 



US, A, 5,371,072 (WEBB ET AL) 06 December 1994, 
entire document. 

Bioorganic & Medicinal Chemistry Letters. Volume 2, No. 12, 
Issued 1992, Iwanowicz et al, "a-Hydroxy- and a-Ketoester 
Functionalized Thrombin Inhibitors", pages 
1 607- 1 61 2, see entire document. 



see 1-24 



1-24 



n documfiott lim listed in the comlnuation of Box a □ Se^ Patent femily ennex> 



doeiosttlddmiaft Uw ^eststtH «ate of the Bit ^btch b not coioidewd 
la bfl of puiieubr idevonoB 

cm or Bfterlte ifltenustaeofil Gting date 



da i i ' i r: 



li whkb mftv ihrw doufaft oa pnoritir rfaiaii(ii) or itffakfc b 



cited to caiablah ll»e pvbUoUoti data of uioalisr dtokiOB or oUisr 
(ea Bpeeifiad) 



dosustsni i«rarine to an oral dbslowie, uw» cshibhitm or oU«r 



•A* 

■cr 

*p* doeum»ip«^UalMd prior to the ntcRttk^ 

Date of the seUiftl completion of the iotemaiional search 
31 JANUARY 1996 

Name aod mailing address of the tSAAJS 
Comnusuoner of PDidias end Tiadcnwdyi 
Box PCX 

Wscfau^^ D.C. 20231 
Facsimile No. f703> 305-3230 



•V* 



docussB! of pailbiifar feievoBae; the cbtosd nviasfca wnwft to 
C»aB«ed Bovdof camaaft teccoaidcfaito nvotveaa lavcattvcidqi 
wba tba dasiSB^ b feakea aiaoe 

QoaSdered to favosa n imwdivc et:)> wh=a ito daamwai o 
c^fawl wftb ow or more oUicr »ck dosumeaia, 

^'&« docuatsatoKanber of lbs eane paiaat Coimfy 

Dele of mailing of the tnternattonal sear?* report 

1 3 FEB 1996 

Authorized officer 

DAVID LUKTON 
Telephone No. (7031 



i "1 f 

^ 306-0196 ^ Vj Vj 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

ID IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 
ID GRAY SCALE DOCUMENTS 

H) LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



